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Abstract	
	
	 Through	community	colaboration	and	engagement,	wildfire	risk	was	
identified	as	a	priority	forest	vulnerability	in	Teslin,	Yukon,	a	Tlingit	community	of	
approximately	450	people.	Guided	by	community-directed	research,	identifying	
areas	of	higher	wildfire	hazard	in	the	Teslin	Tlingit	Traditional	Territory	(TTTT)	
was	of	interest	to	help	support	ecosystem-based	planning.	Using	Burn-P3,	a	
landscape-level	wildfire	modeling	software,	relative	wildfire	hazard	was	identified	
in	the	TTTT.	Future	projected	climate	change	scenarios	were	run	using	the	program,	
providing	a	range	of	future	possibilities	for	consideration.	Burn-P3	complements	the	
experience	and	knowledge	of	community	members	who	live	in	the	TTTT	and	this	
information	has	already	been	used	to	support	the	development	of	ecosystem-based	
planning.	It	is	clear	that	community	forest	management	wil	need	to	incorporate	
wildfire	risk	moving	forward.	Al	land	management	in	the	community	is	now	being	
viewed	through	the	lens	of	wildfire	risk,	which	is	the	greatest	benefit	of	this	project.	
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Chapter	1:	Introduction	
	
1.1	Project	Background	and	Purpose	
	
The	study	area	for	this	project	was	the	Teslin	Tlingit	traditional	territory	
(TTTT),	which	includes	2,718,370	ha	of	the	Yukon	Territory	and	1,050,731	ha	of	
British	Columbia.	The	primary	population	centre	of	the	region	is	the	vilage	of	Teslin,	
a	Tlingit	community	of	about	450	people,	embedded	in	the	boreal	forest	of	southern	
Yukon,	at	historic	Mile	804	on	the	Alaska	Highway.	The	people	of	Teslin	are	active	
on	their	landbase,	and	traditional	hunting,	trapping,	and	fishing	are	a	way	of	life.	The	
community	and	the	Teslin	Tlingit	Council	are	participants	in	land	management	
within	the	TTTT.	An	existing	planning	framework,	the	Teslin	Strategic	Forest	
Management	Plan	(SFMP;	Teslin	Forest	Management	Planning	Team	2007)	ofers	
one	potential	starting	point	for	land	management	planning.	However,	this	plan	does	
not	incorporate	climate	change	as	a	potential	driver	of	forest	change	(Ogden	and	
Innes	2008).	
A	partnership	between	the	community	of	Teslin,	researchers	from	the	Yukon	
government,	and	the	University	of	Northern	British	Columbia	was	initiated	in	2009	
(Green	2016).	The	project	undertaken	was	a	novel	initiative,	with	the	community	
directing	the	priorities	for	research	rather	than	the	research	directing	community	
management.	Through	consultation	and	engagement	with	the	community	of	Teslin,	
wildfire	risk	was	identified	as	a	priority.	Many	elders	and	longtime	residents	
remember	large	fires	occurring	in	this	region,	especialy	during	the	1950s,	which	
witnessed	two	large	fires	over	100,000	ha	in	size	each	within	the	TTTT.	Younger	
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people	within	the	community	of	Teslin	have	no	memory	of	large	wildfires	occurring.	
This	absence	of	large	fire	events	in	recent	decades	has	contributed	to	an	
underestimation	of	fire	risk	and	a	lack	of	preventative	measures.	In	2012,	an	
opportunity	emerged	through	Aboriginal	Afairs	and	Northern	Development	Canada	
for	climate	change	adaptation	projects.	It	was	under	this	context	that	further	
investigation	of	wildfire	risk	in	the	TTTT	was	initiated.	
With	wildfire	being	identified	as	a	primary	concern	in	this	region,	a	reliable	
way	to	assess	relative	wildfire	hazard	was	needed.	Such	a	tool	existed	–	a	landscape	
wildfire	simulator	caled	Burn-P3	(wherein	P3	stands	for:	probability,	prediction,	
and	planning),	developed	by	Canadian	Forest	Service	researchers.	Interest	in	Burn-
P3	is	growing	and	it	is	anticipated	that	this	study	wil	contribute	to	the	growing	
community	of	Burn-P3	researchers,	and	help	reinforce	the	need	for	proactive	rather	
than	purely	reactive	wildfire	management.		
	
	
1.2	Research	Objectives	and	Practical	Application	
	
	 The	purpose	of	this	thesis	is	to	document	project	successes,	and	what	has	
been	learned	in	modeling	wildfire	probability	for	the	TTTT.	The	chalenge	has	been	
to	reduce	complex	model	processes	and	results	into	something	coherent	and	useful	
for	community	planning.	
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The	folowing	questions	were	of	interest	to	the	community	of	Teslin:	
1) How	can	wildfire	risk	to	the	community	of	Teslin	and	other	ecological	and	
cultural	values	be	assessed	in	the	TTTT?		
2) What	impact	wil	climate	change	have	on	future	wildfire	risk	in	the	TTTT	and	in	
the	community	of	Teslin?	
3) How	can	the	community	maximize	the	ecological	benefits	of	wildfire	while	also	
minimizing	the	economic	and	social	impacts?	
	
Two	overarching	objectives	were	identified	by	the	research	team.	The	first	
objective	was	that	the	research	be	relevant	to	the	community	of	Teslin.	The	second	
objective	was	to	explore	climate	change	implications	on	wildfire	burn	probability	in	
the	TTTT.	Wildfire	burn	probability	models	like	Burn-P3	alow	for	modeling	of	
climate-change	projections	(Wang	et	al.	2016),	and	suitability	comparisons	of	
various	treatments	such	as	fuel	breaks	(Miler	et	al.	2008).	Projected	future	weather	
scenarios	derived	from	General	Circulation	Models	(GCMs)	were	used	to	model	
climate	change	efects	on	burn	probability,	providing	a	range	of	possibilities	for	
consideration	in	community	management.	
	
1.3	Thesis	Outline	
	
This	thesis	provides	a	literature	review	(Chapter	2),	which	includes	a	brief	
history	of	wildfire	management,	climate	change	implications	on	wildfire	and	an	
overview	of	wildfire	modeling.	Chapter	3	outlines	the	novel	approach	taken	by	
institutional	researchers	in	partnership	with	the	community	of	Teslin	to	identify	
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priority	forest	risks,	and	assess	the	feasibility	of	using	Burn-P3	in	the	study	area.	
Chapter	4	provides	a	more	detailed	analysis	of	improvements	and	refinement	of	the	
working	Burn-P3	model	to	better	assess	fire	hazard	in	the	TTTT	in	the	context	of	
climate	change;	output	burn	probability	maps,	study	findings,	along	with	model	
limitations	are	discussed.	Chapter	5	summarizes	how	the	research	is	useful	for	the	
community	of	Teslin	and	provides	recommendations	on	next	steps.	 	
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Chapter	2:	Literature	Review	
	
2.1	The	Past:	History	of	Aboriginal	Burning	and	the	concept	of	a	natural	fire	
regime	
	
	 It	is	wel-established	that	aboriginal	use	of	fire	had	implications	on	land	
management	at	a	global	scale	(Pyne	1997).	In	North	American	forests,	the	opinion	
that	landscapes	were	unmodified	and	unspoiled	prior	to	European	contact	is	a	myth	
(Pyne	1997).	There	is	evidence	for	aboriginal	burning	in	the	boreal	forests	of	
northern	Alberta	(Lewis	and	Ferguson	1988),	and	Alaska	(Lutz	1959).	There	is	also	
evidence	for	aboriginal	burning	in	British	Columbia	(Parminter	1978;	1991;	1995).	
	 Returning	to	a	natural	fire	regime	is	not	only	dificult	to	reconstruct,	but	
neglects	to	acknowledge	that	humans	often	influence	fire	regimes	(Pyne	1997).	
Humans	have	been	described	as	keystone	species	by	Mann	(2005)	in	the	context	of	
aboriginal	burning	for	land	management	purposes	in	North	America	preceding	
contact	by	Europeans.	Van	Wagner	(1983)	argues	that	any	influence	that	has	acted	
long	enough	for	the	vegetation	to	come	into	equilibrium	with	it	could	be	considered	
natural.	More	important	is	considering	what	vegetation	natural	fire	regimes	would	
have	created	and	incorporating	this	knowledge	into	current	management	plans	
(Van	Wagner	1983).		
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2.2	The	Present:	Euro-American	Wildfire	Exclusion	
	
There	stil	exists	at	a	global	scale,	a	culture	in	which	wildfire	is	considered	a	
destructive,	wasteful	force,	that	needs	to	be	removed	from	the	landscape	(Pyne	
1997).	It	is	likely	that	this	mentality	is	a	holdover	of	European	colonialism	where	
settlers	attempted	to	make	sense	of	wildfire	prone	landscapes	by	recreating	the	
familiar	controled,	fire	excluded	landscapes	of	the	old	country,	and	where	growing	
conditions	suited	it,	establishing	the	European	forestry	practice	of	silviculture	(Pyne,	
2008).	Despite	eforts	to	modernize	suppression	organizations,	forest	practices	are	
stil	very	much	separate	from	wildfire	management	across	Canada,	which	is	a	lost	
opportunity,	and	perpetuates	growing	risk	(Pyne	2008).	
There	is	increasing	awareness	of	the	risks	of	living	within	wildfire	driven	
ecosystems.	British	Columbia	experienced	the	most	destructive	wildfire	season	in	
its	history	over	the	summer	of	2017	in	terms	of	area	burnt	(1,215,503	ha),	with	
about	$700	milion	spent	in	suppression	and	evacuee	aid	(Daniels	et	al.	2017).	In	the	
spring	of	2016,	the	Horse	River	Wildfire,	burnt	589,000	ha,	including	a	large	portion	
of	Fort	McMurray,	resulting	in	what	is	currently	the	most	expensive	disaster	in	
Canadian	history,	in	terms	of	insured	damages,	which	are	estimated	at	$3.7	bilion	
(MNP	2017).	Also	of	note	are	the	Northwest	Territories	fires	of	2014,	which	burnt	a	
total	area	of	3.4	milion	hectares	and	cost	$56.1	milion	(Department	of	
Environment	and	Natural	Resources	2015).	The	Richardson	Fire	of	2011	burnt	
700,000	ha	and	despite	being	the	largest	Alberta	wildfire	since	1950,	received	less	
publicity	than	the	concurrently	burning	Slave	Lake	wildfire,	which	although	
covering	only	4,700	ha,	cost	$750	milion	in	insured	damages	due	to	proximity	to	
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the	town	of	Slave	Lake	(KPMG	2012).	In	2003,	BC	experienced	what	was	at	the	time	
an	unprecedented	fire	season,	unusual	due	to	the	high	number	of	urban	interface	
fires,	burning	a	total	of	260,000	ha,	costing	an	estimated	$700	milion,	and	forcing	
the	evacuation	of	45,000	people	(Filmon	2004).	
As	destructive	as	recent	events	have	been,	it	may	not	be	helpful	to	refer	to	
these	events	as	catastrophic	wildfires,	because	wildfire	is	a	natural	disturbance,	
important	for	ecological	renewal	(Pyne	2008).	A	preferable	term	adopted	from	
Meyn	et	al.	(2007),	and	used	herein	due	to	its	applicability	to	the	boreal	forests	
composing	the	study	area	of	this	project,	is	large	infrequent	fires	(LIFs).	Although	
LIFs	are	not	al	that	unprecedented,	a	short	fire	recording	history,	combined	with	
increasing	human	habitation	in	pyrogenic	forested	landscapes,	and	quicker	
news/media	coverage	have	resulted	in	current	wildfire	activity	having	greater	
impact	and	receiving	greater	publicity	(Tymstra	2015).	In	addition	to	the	recent	
fires	in	western	Canada,	it	is	worth	considering	the	Chinchaga	firestorm	of	1950,	
which	is	stil	the	largest	single	recorded	fire	in	North	American	history	(burning	an	
estimated	1,700,000	ha	of	northern	BC	and	Alberta),	despite	receiving	very	little	
publicity	due	to	its	remoteness	and	the	reduced	communication	capacity	
commensurate	with	the	time-period	(Tymstra	2015).	
LIFs	are	not	a	new	phenomenon,	but	recent	fire	events	may	not	be	entirely	
natural,	as	that	would	entail	these	events	being	removed	of	human	influence.	
Wiliams	(2013)	urges	instead	that	recent	large	fires	be	viewed	through	the	filter	of	
current	land	management	practices.	A	wildfire	exclusion	policy	across	much	of	
North	America	has	contributed	to	increased	wildfire	risk,	often	in	tandem	with	
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forest	management	practices	that	increase	the	frequency	of	densely	spaced	conifer	
plantations	(Wiliams	2013).	The	common	interpretation	has	been	that	such	
practices	have	alowed	the	build-up	of	forest	fuels,	shifting	frequent	fire	regimes	to	
infrequent	fire	regimes	(Prichard	et	al.	2017),	a	phenomenon	which	is	particularly	
true	in	the	traditionaly	open-canopy	forests	of	the	interior	Rocky	Mountains	(Keane	
et	al.	2002;	DelaSala	et	al.	2004).	Some	recent	LIFs	in	such	environments	could	thus	
be	interpreted	as	altered	fire	regimes	attempting	to	revert	to	more	ecologicaly	
stable	frequent	fire	regimes.	Not	only	has	a	policy	of	fire	exclusion	been	expensive	to	
enforce	in	these	regions,	it	is	also	costly	is	terms	of	damage	when	resulting	and	
inevitably	more	severe	fires	do	occur,	fires	that	have	a	greater	potential	to	
overwhelm	initial	attack.	Some	have	argued	that	the	build-up	of	fuel	is	less	
applicable	to	closed-canopy	boreal	forests	as	these	forests	have	always	been	
dominated	by	infrequent	fires	(Johnson	et	al.	2001).	However,	the	counter	argument	
has	been	made	that	suppression	does	have	an	impact	on	area	burned	in	the	boreal	
forest	(Cumming	2005),	which	could	foreseeably	increase	fire	potential	through	the	
mechanism	of	greater	fuel	continuity	rather	than	fuel	volume.	
The	failure	to	identify	wildfire	risk	is	a	symptom	of	interacting	policy	
shortcomings,	and	ultimately	the	failure	to	change	the	public	perception	of	wildfire	
(Pyne	2008).	Typicaly,	independent	and	internal	government	review	reports	
outlining	recommendations	are	standard	issue	after	forest	fires	with	large	social	
impacts	(Daniels	et	al.	2017;	KPMG	2017,	MNP	2017;	KPMG	2012;	Department	of	
Environment	and	Natural	Resources	2015;	Filmon	2004),	and	can	be	helpful,	but	
contain	costly	mitigation	options	that	take	significant	time	and	resources	to	
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implement.	For	example,	BC	has	spent	$1.82B	on	direct	suppression	costs	in	the	
past	decade	(2006-2015),	yet	only	spent	$183M	on	preventative	wildfire	
management	(Daniels	et	al.	2017),	this	despite	the	events	and	recommendations	
outlined	in	Filmon	(2004)	folowing	the	2003	firestorm.	What	is	needed	is	a	
paradigm	shift	in	management	practices,	alowing	for	preventative	mitigation	to	be	
valued	as	equaly	as	reactive	response.	
	
2.3	The	Future:	Climate	Change	Implications	on	Wildfire	
	
Human	activity	since	the	mid-twentieth	century	is	contributing	to	current	
observed	warming	with	a	certainty	of	95%	(IPCC,	2013).	Climate	change	is	
predicted	to	increase	wildfire	activity,	resulting	in	greater	area	burnt,	but	also	a	
large	degree	of	variability	between	regions	(Flannigan	et	al.	2005,	2009a,	2009b,	
2013).	Northern	communities	are	expected	to	observe	more	rapid	change	and	
impacts	resulting	from	climate	change,	including	increased	wildfire.	(Ogden	and	
Innes	2008;	Kely	et	al.	2013;	Price	et	al.	2013).	
Although	it	is	impossible	to	attribute	anthropogenic	climate	change	to	a	
single	LIF,	it	is	worth	considering	how	much	anthropogenic	climate	change	
contributes	to	an	event.	Since	wildfires	undergo	growth	on	only	a	limited	number	of	
days	of	extreme	weather	conditions	(Podur	and	Wotton	2011),	the	increasing	
duration	of	time-periods	of	conducive	fire	weather	could	foreseeably	result	in	
increased	fire	activity.	For	example,	folowing	the	Fort	McMurray	fire,	and	focusing	
on	the	fire	regime	of	that	region,	Kirchmeier-Young	et	al.	(2017)	estimated	that	
anthropogenic	radiative	forcing	(human-caused	climate	change),	in	addition	to	
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natural	radiative-forcing	mechanisms,	have	increased	the	likelihood	of	extreme	
wildfire-conducive	conditions	(as	measured	by	the	Fire	Weather	Index)	by	between	
1.5	–	6	times	above	what	would	have	occurred	under	natural	radiative	forcing	alone.	
Assuming	no	change	in	the	spatial	patterns	of	ignitions	and	the	availability	of	
flammable	fuels,	the	increasing	frequency	of	conducive	fire	weather	durations	has	
likely	already	influenced	fire	growth,	intensity,	and	resulting	area	burnt.	Longer	
durations	of	fire-conducive	weather	are	also	more	likely	to	result	in	the	initiation	of	
multiple	fires	simultaneously,	events	capable	of	overwhelming	suppression	capacity	
(Podur	and	Wotton	2010).	Indeed,	Wiliams	(2013)	note	that	several	large	wildfires	
have	occurred	at	times	when	new	fire-starts	stretched	firefighting	capabilities.	
Disasters,	or	focusing	events,	can	alow	policy	windows	to	open	for	short	
periods	of	time	in	the	wake	of	an	event,	alowing	a	solution	to	an	identified	problem	
to	be	implemented	while	the	political	wil	to	do	so	exists	(Kingdon	1984).	In	theory,	
recent	extreme	wildfire	activity	is	an	opportunity	to	propose	better	wildfire	
management	practices	and	provide	fire	management	agencies	with	the	resources	
required	to	increase	preventative	risk	mitigation.	However,	it	has	been	found	
through	case	studies	of	focusing	events	that	policy	windows	are	not	automatic	
outcomes	(Solecki	and	Michaels	1994).	People	tend	to	have	short	memories,	an	
example	being	extreme	weather	events,	which	although	providing	a	subtle	influence	
on	public	receptivity	to	climate	change	adaptation	policy,	have	only	short-lived	
efects	(Ray	et	al.	2017).	It	is	unknown	what	efect	consequential	fire	events	wil	
have	on	provoking	positive	changes	to	management	practices.	
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2.4	Wildfire	Modeling	
	
2.4.1	Earlier	attempts	to	model	wildfire	
	
	 The	prediction	of	wildfire	is	of	interest	both	for	operational	suppression	and	
more	recently	to	aid	in	proactive	natural	resource	management	planning.	Wildfire	
can	have	large	impacts	on	people,	cultural	values,	wildlife	habitat,	water	and	air	
quality,	jurisdictional	greenhouse	gas	emissions,	as	wel	as	property	and	timber	
values.	There	is	a	long	history	of	modeling	wildfire	in	fire	prone	countries,	including	
Canada,	the	United	States,	and	Australia.	Model	complexity	has	increased	with	
advances	in	computer	technology.	
Wildfire	modeling	is	perhaps	best	thought	of	as	consisting	of	individual	sub-
models.	Wildfire	spread	given	a	known	point	of	ignition	is	one	aspect	to	wildfire	
modeling	and	wildfire	spread	models	can	be	broken	into	three	categories:	
theoretical,	semi-empirical	and	empirical	(Pastor	et	al.	2003).	Theoretical	models	
rely	on	underlying	calculations	of	fluid	dynamics	and	heat	transfer	via	radiation,	
while	empirical	models	are	based	on	real-world	observation	of	test	fires,	both	
natural	and	experimentaly	ignited	(Pastor	et	al.	2003).	
	 Empirical	and	semi-empirical	models	provide	an	excelent	baseline	
understanding	of	fire	behaviour	in	specific	fuel-types,	and	can	be	adapted	for	use	in	
computer	simulation	models.	The	first	empirical	wildfire	spread	model	was	
developed	by	McArthur	(1967)	in	Australia.	In	the	USA,	Rothermel	developed	a	
semi-empirical	spread	model	starting	in	1972	that	is	stil	in	use	today	(Rothermel	
1991).	Canada	developed	its	own	version	of	an	empirical	spread	model	with	the	Fire	
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Behaviour	Prediction	(FBP)	System,	which	has	been	adapted	for	use	al	over	the	
world	(Forestry	Canada	Fire	Danger	Group	1992).	
	
2.4.2	Fire	Behaviour	Prediction	System	
	
	 The	FBP	System	is	a	subcomponent	of	the	Canadian	Forest	Fire	Danger	
Rating	System	(CFFDRS).	The	first	major	subsystem	of	the	CFFDRS	was	the	Fire	
Weather	Index	(FWI)	System	in	1970	(Forestry	Canada	Fire	Danger	Group	1992).	
The	FWI	System	consists	of	three	fuel	moisture	codes	and	three	fire	behaviour	
indices	calculated	daily	during	fire	season	based	on	weather	conditions	(Wotton	
2009).	The	fuel	moisture	codes	consist	of	the	Fine	Fuel	Moisture	Code	(FFMC),	a	
measure	of	surface	fuel	moisture,	the	Duf	Moisture	Code	(DMC),	a	measure	of	
intermediate	soil	depth	fuel	moisture,	and	the	Drought	Code	(DC),	a	measure	of	
deeper	soil	fuel	moisture.	The	fuel	moisture	codes	alow	for	the	calculation	of	the	
fire	behaviour	indices.	Build	Up	Index	(BUI)	is	calculated	from	FFMC	and	DMC	and	is	
a	fuel	consumption	indicator,	while	the	Initial	Spread	Index	(ISI)	is	calculated	from	
DMC	and	DC,	and	is	a	rate	of	spread	indicator.	The	ISI	and	DMC	are	used	to	calculate	
the	cumulative	FWI,	which	is	a	measure	of	potential	fire	intensity.	The	FWI	System	
represents	the	most	basic	principle	of	fire	behaviour,	that	fire	behaviour	is	
proportional	to	the	amount	of	moisture	present	in	fuels	(Van	Wagner	1998).	
The	FBP	System	started	with	development	of	regional	fire	behaviour	indexes	
designed	to	aid	the	FWI	System,	and	thus	these	two	components	combined	formed	
the	first	national	fire	danger	rating	system	(Forestry	Canada	Fire	Danger	Group	
1992).	Revision	of	the	FBP	System	continued	throughout	the	1980s,	culminating	in	
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the	current	version,	which	contains	16	standard	fuel	types	(Table	2.1).	The	FBP	
System	fuel	types	are	homogenous	arrangements	of	fuel,	identifiable	by	species,	
structure,	density,	and	age,	and	are	thus	qualitative	rather	than	quantitative	
(Forestry	Canada,	Fire	Danger	Group	1992).	For	each	fuel	type,	quantitative	burning	
characteristics	derived	from	both	observed	and	experimental	burns,	provide	
estimates	of	spread	rate,	fuel	consumption,	head	fire	intensity,	and	fire	description	
(Forestry	Canada,	Fire	Danger	Group	1992).	The	FBP	System	fuel	types	include	
categorizations	for	the	most	common	boreal	forest	types	and	include	conifer	(C),	
deciduous	(D),	slash	(S),	open	(O),	and	mixedwood	fuels	(M;	Table	2.1).	Of	particular	
interest	for	the	project	study	area	are	the	C2	(Boreal	Spruce),	and	C3	(Mature	Pine)	
fuel	types,	both	of	which	have	densely	spaced	structure,	and,	especialy	in	the	case	of	
C2,	are	capable	of	supporting	extreme	fire	behaviour.	
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Table 2.1. Canadian Fire Behaviour Prediction (FBP) System Fuel Types 
Fuel Code Fuel Description 
C1 Spruce – Lichen Woodland 
C2 Boreal Spruce 
C3 Mature Jack or Lodgepole Pine 
C4 Immature Jack or Lodgepole Pine 
C5 Red and White Pine 
C6 Conifer Plantation 
C7 Ponderosa Pine – Douglas-Fir 
D1 Leafless Aspen 
S1 Jack or Lodgepole Pine Slash 
S2 White Spruce – Balsam Slash 
S3 Coastal Cedar – Hemlock – Douglas-Fir Slash 
O1 Grass 
M1 Boreal Mixedwood – Leafless 
M2 Boreal Mixedwood – Green 
M3 Dead Balsam Fir Mixedwood – Leafless 
M4 Dead Balsam Fir Mixedwood – Green 
	
	
	
2.4.3	Wildfire	Simulation	Models	
	
Advances	in	computer	technology	have	improved	the	capability	of	wildfire	
modeling.	Wildfire	simulation	models	that	could	simulate	wildfires	on	a	landscape	
based	on	fuels,	topography,	weather	and	underlying	theoretical	or	empirical	spread	
rate	models	were	one	of	the	early	developments.	Early	simulation	models	reflected	
the	technology	constraints	of	the	time,	and	were	limited	to	modeling	smal	fires	(e.g.	
Kourtz	et	al.	1971;	1977).	Geographic	Information	Systems	(GIS)	alowed	further	
diversification	of	modeling,	albeit	indirectly.	GIS	overlay	models	with	multiple	
weighted	inputs	could	be	created	based	on	expert	opinion	and	incorporated	to	
identify	wildfire	risk	(e.g.	Chuvieco	and	Congalton	1989).	Such	overlay	models	stil	
have	practical	applications	in	efective	wildfire	urban	interface	planning	(e.g.	Ohlson	
et	al.	2002;	Hawkes	and	Beck	1997;	Haight	et	al.	2004).		
Wildfire	simulation	models	in	current	revisions	are	generaly	more	accurate	
than	overlay	analyses	alone,	but	require	greater	computational	resources	(Farris	et	
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al.	1999).	With	advances	in	computer	processing	power	however,	the	arguments	
originaly	made	against	simulation	models	is	no	longer	as	much	of	a	limitation.	To	
model	wildfire	in	heterogeneous	fuels,	simulation	models	utilize	celular	
propagation	techniques,	or	Huygens	wave	propagation	formula.	Examples	of	
modern	wildfire	simulators	include	the	Australian	Sirofire	(Coleman	and	Sulivan	
1996),	the	USA	developed	Farsite	(Finney	2004),	and	the	Canadian	Prometheus	
(Tymstra	et	al.	2010).	Al	three	of	these	simulation	models	rely	on	Huygens	wave	
propagation	formula	to	predict	spread.	
	
2.4.4	Prometheus	
	
	 Prometheus	development	was	initiated	in	1999	and	incorporates	the	FBP	
System’s	16	fuel	types	and	associated	burning	characteristics,	but	expands	on	the	
available	fuel	types	to	include	more	mixedwood	combinations,	and	dual-fuel	types	
that	reflect	leaf-out	of	deciduous	fuel	complexes	(Tymstra	et	al.	2010).	Prometheus	
can	be	used	to	model	potential	wildfire	growth	if	an	ignition	point	is	known.	
Topography,	weather,	and	FBP	System	fuel	types	are	inputs	to	fire	growth,	and	the	
result	is	a	predictive	fire	perimeter	for	a	desired	timeframe.	Prometheus	can	be	
used	in	wildfire	response	situations	to	estimate	growth	and	better	direct	
suppression	response.	Ignition	locations	must	be	specified	by	the	user	on	a	case	by	
case	basis	and	multiple	fires	cannot	be	modeled	in	a	way	which	alows	prediction	of	
landscape-level	relative	burn	probability,	making	Prometheus	geared	for	
operational	purposes	(i.e.	suppression).	Prometheus	is	built	as	a	common	object	
model	(COM),	alowing	integrated	use	of	individual	Prometheus	components	in	
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other	software	programs	(Tymstra	et	al.	2010).	Burn-P3	is	a	software	program	that	
utilizes	the	underlying	Prometheus	COM	to	predict	landscape	level	wildfire	burn	
probability.	
	
2.4.5	Burn-P3	Background	and	Inputs	
	 	
	 Comprehensive,	spatialy	explicit	wildfire	databases	rarely	span	more	than	a	
century,	making	it	impossible	to	obtain	reliable	estimates	of	relative	fire	likelihood	
at	any	point	on	a	landscape.	To	address	this	limitation,	models	that	simulate	the	
ignition	and	spread	of	multiple	individual	fires	over	multiple	burning	iterations	
(burning	years)	were	created.	Burn-P3	is	a	Monte	Carlo	simulator,	and	overcomes	
shortcomings	in	the	observed	data	by	using	repetition	to	average	many	future	
histories,	thereby	attempting	to	incorporate	the	range	of	variability	inherent	in	a	
natural	disturbance	regime	to	predict	future	burn	probability	(BP)	for	an	area	of	
interest.	Spatial	model	inputs	include	fuels,	elevation,	and	ignition	potential,	while	
aspatial	inputs	derived	from	the	historic	fire	record,	include	the	number	of	fires	per	
year,	season,	and	cause	of	burning,	and	the	number	of	days	of	fire	spread.	
Burn-P3	is	an	open	source	software	package	originaly	designed	by	the	
Canadian	Forest	Service	(CFS)	in	colaboration	with	Saskatchewan	Environment	
Fire	Management	Agency	to	help	with	strategic	land-use	planning	(Parisien	et	al.	
2005).	Burn-P3	uses	the	Prometheus	fire	growth	algorithm	to	automate	multiple	
simulated	fires.	In	Burn-P3,	iterations	are	repeats	of	one	burning	season,	
incorporating	stochastic	inputs	representing	variability	in	the	known	fire	
disturbance	regime	(Burn-P3	User’s	manual	2016).	By	simulating	a	burning	year	
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through	multiple	iterations,	the	impact	of	the	upcoming	fire	season	is	predicted	
multiple	times,	with	regions	of	more	frequent	modeled	fires	representing	a	greater	
fire	hazard.	The	burn	probability	of	each	pixel	is	computed	by	calculating	the	
number	of	times	it	burns	relative	to	the	total	number	of	iterations	(burning	years).	
	 Using	repetition	(many	iterations	and	multiple	fires	within	each	iteration),	
Burn-P3	can	approximate	landscape	burn	probability	(Parisien	et	al.	2012).	Areas	
that	would	be	predicted	to	have	a	low	probability	of	wildfire	in	isolation	may	not	be	
immune	from	burning	if	surrounded	by	neighboring	features	with	characteristics	
that	are	more	susceptible	to	fire.	Therefore,	Burn-P3	is	dependent	on	inputs	that	
accurately	reflect	the	known	fire	regime	(Parisien	et	al	2012).	
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Chapter	3:	Community	Directed	Research	in	Teslin	
	
3.1	Introduction	
	
Teslin	is	a	smal	community	in	southcentral	Yukon,	with	a	population	of	
approximately	450	people,	of	which	about	75%	are	Tlingit	First	Nation.	The	Tlingit	
people	moved	inland	from	the	coast	of	Alaska	during	the	18th	century	to	trap	for	furs,	
and	excelent	travel	routes	and	a	wealth	of	natural	resources	led	to	the	
establishment	of	trading	posts.	With	the	construction	of	the	Alaska	highway	in	1942,	
Teslin	became	a	permanent	settlement.	The	Teslin	Tlingit	Council	signed	their	final	
land	claim	agreement	in	1993	(Teslin	Strategic	Forest	Management	Plan	2007).	The	
Teslin	Renewable	Resource	Council	(TRRC)	is	the	voice	for	local	concerns	in	
communication	with	territorial	and	federal	governments,	and	like	other	Renewable	
Resource	Councils	in	Yukon,	is	a	land-management	advisory	body	comprised	of	both	
government	and	community	participants,	established	after	the	Teslin	Tlingit	Council	
(TTC)	finalized	their	land	claim.	
To	be	meaningful,	community-based	research	needs	to	be	relevant,	useful,	
and	rigorous.	Often	research	prioritized	for	rigor	is	adapted	to	fit	a	community	
rather	than	beginning	with	an	assessment	of	relevance.	Legacies	of	institutional	
research	in	the	community	of	Teslin	have	been	mixed,	and	at	times	conflicted,	which	
reflects	diferent	perceptions,	priorities	and	objectives,	both	within	the	community	
and	also	between	the	community	and	institutional	partners.	
One	of	the	more	novel	aspects	of	this	project	was	the	partnership	between	
TTC,	University	of	Northern	British	Columbia,	and	Government	of	Yukon	
researchers	to	provide	relevant	and	useful	outcomes	to	support	strategic	
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community	planning.	This	project	was	founded	on	the	core	principle	of	community-
identified	forest	risk	in	relation	to	climate	change,	of	which	wildfire	hazard	emerged	
as	a	primary	concern.	Timko	et	al.	(2015)	explored	community	perceptions	and	
implications	of	wildfire	risk	and	considered	what	mitigation	and	adaptation	
strategies	might	be	appropriate	and	feasible	in	the	TTTT.	This	led	to	a	feasibility	
study	to	assess	the	utility	of	a	technical	tool	(Burn-P3)	to	assess	wildfire	hazard	and	
management	options.	As	a	result,	forest	fuel	and	wildfire	probability	outputs	have	
become	a	foundation	for	integrated	community	land-management	planning.	Despite	
clear	wildfire	hazard	mapping,	there	are	some	jurisdictional	chalenges,	and	because	
the	partnership	is	with	Yukon	Government,	the	project	is	limited	to	looking	at	
questions	of	risk	and	mitigation	within	the	Yukon	portion	of	the	TTTT.	Throughout	
the	project,	traditional	and	local	knowledge	were	contributed	by	both	Tlingit	and	
non-Tlingit	community	members	who	were	knowledgeable	about	land-management	
and	wildfire	risk	in	the	TTTT.	Technical	expertise	supported	local	and	traditional	
knowledge,	alowing	for	community	empowerment	and	capacity	building	supported	
by	institutional	resources.	
	
3.2	Methods	
	
	 An	understanding	of	the	socio-ecological	system	was	foundational	in	this	
project.	Along	with	a	study	area	description	in	the	context	of	environmental	and	
cultural	elements,	two	components	to	this	community-directed	research	are	
discussed	herein:	1)	The	identification	of	priority	forest	risks,	and	2)	a	feasibility	
study	using	Burn-P3,	a	landscape-level	wildfire	simulator.	
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3.2.1	Study	Area	
	
The	Teslin	Tlingit	traditional	territory	includes	both	portions	of	Yukon	
Territory	and	British	Columbia	(Figure	3.1),	and	fals	within	the	Boreal	Cordilera	
ecozone	of	Canada,	which	is	an	area	characterized	by	cold	winters	and	short	warm	
summers	(ESWG	1995).	Ecoregions	of	the	Boreal	Cordilera	ecozone	contained	in	
the	study	area	include	Yukon	Southern	Lakes,	Pely	Mountains,	and	Boreal	
Mountains	and	Plateaus	(Teslin	Forest	Management	Planning	Team	2007).	Across	
these	ecoregions	boreal	forest	cover	consists	of	black	spruce	(Picea	mariana),	white	
spruce	(Picea	glauca),	lodgepole	pine	(Pinus	contorta),	and	trembling	aspen	
(Populus	tremuloides;	ESWG	1995).	The	landscape	was	heavily	influenced	by	
glaciation,	with	the	Cordileran	ice	sheet	retreating	about	10,000	years	ago,	and	
leaving	long	narrow	lakes,	rounded	hils,	and	moderate	mountains	(Teslin	Forest	
Management	Planning	Team	2007).	
Within	the	TTTT,	the	Teslin	Strategic	Forest	Management	Plan	(SFMP)	is	
applicable	to	only	those	lands	that	are	within	Yukon	and	do	not	overlap	with	
neighboring	First	Nations	(Teslin	Forest	Management	Planning	Team	2007).	The	
SFMP	consists	of	15	landscape	units,	each	of	which	is	identified	as	having	low,	
medium,	or	high	levels	of	community	acceptability	to	forest	activity	(Figure	3.1;	
Teslin	Forest	Management	Planning	Team	2007).	
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	Figure 3.1: Project study area is the Teslin Tlingit Traditional Territory (TTTT). The Teslin 
Strategic Forest Management Plan (SFMP) focuses on the portion of the TTTT that is contained 
in Yukon and does not share overlap with neighboring First Nations, and identifies 15 landscape 
units, which are categorized by the level of community acceptance to forest activity: low, medium, 
or high. Note the Big Salmon landscape unit was identified as having no merchantable timber by 
the SFMP, and was thus excluded from the categorization of community acceptance to forest 
activity. 
	
The	Teslin	Tlingit	people	are	highly	dependent	on	their	natural	environment,	
and	traditional	subsistence	hunting,	fishing	and	gathering	remain	an	important	part	
of	the	Teslin	life.	There	are	regions	that	require	special	consideration,	including	
exceptional	wildlife	habitat	and	archaeological	sites	(Teslin	Forest	Management	
Planning	Team	2007).	Along	with	a	subsistence	lifestyle,	additional	forms	of	
economic	revenue	have	emerged	in	the	last	50	years,	with	tourism,	service	
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businesses,	and	government	providing	opportunities	for	local	people.	There	is	
currently	no	commercial	forestry	sector.	However,	a	new	bioenergy	initiative	is	now	
operational,	with	wood	chips	feeding	a	boiler	that	provides	radiant	heat	for	public	
buildings	and	ofices	in	the	community.	Additionaly,	there	is	some	interest	in	re-
establishing	a	localy	run	sawmil	to	provide	smal-scale	resource	development	that	
would	support	multiple	values,	including	permanent	skiled	jobs	and	an	additional	
means	to	facilitate	strategic	fuel	reduction.	Any	land	management	in	TTTT	needs	to	
carefuly	consider	the	values	identified	in	the	SFMP	as	a	first	step,	with	consensus	
and	coordination	between	governments	(TTC	and	Yukon)	on	al	co-managed	(non-
settlement)	land.	Currently,	the	community	is	engaged	in	a	consensus	building	
process	on	how	to	link	timber	supply	to	strategic	fuel	reduction	that	integrates	the	
cultural,	ecological,	and	economic	values	represented	in	the	community.	The	fuel	
and	wildfire	probability	outputs	generated	in	this	project	provide	foundational	
information	in	this	process.	
The	natural	fire	regime	for	the	study	area	consists	of	large	but	relatively	
infrequent	stand-replacing	fires	(Teslin	Forest	Management	Planning	Team	2007).	
In	the	boreal	forests,	high	fuel	moisture	rather	than	fuel	amount	limits	the	
occurrence	of	large	infrequent	fires	(LIFs;	Meyn	et	al.	2007).	A	1943	forest	
reconnaissance	survey	identified	evidence	of	major	fire	events	in	the	TTTT	in	the	
1870s	and	in	1917	(Teslin	Forest	Management	Planning	Team	2007).	Detailed	fire	
records	began	in	Yukon	in	the	1940s,	and	large	fires	were	documented	in	the	study	
area	in	the	1950s,	as	seen	in	the	Canadian	National	Fire	Database	(Figure	3.2).	
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A	lack	of	large	fires	in	the	study	area	in	recent	decades,	and	the	resulting	fuel	
build-up	can	create	an	underestimation	of	fire	risk	in	the	community.	The	fire	cycle	
(the	amount	of	time	required	for	the	entire	study	area	to	burn)	for	the	TTTT	is	
approximately	290	years,	which	is	longer	than	central	Yukon,	which	is	estimated	to	
be	about	100	years	(Teslin	Forest	Management	Planning	Team	2007).	This	is	
especialy	noticeable	in	Figure	3.2,	which	overlays	the	Homogenous	Fire	Regime	
(HFR)	zones	developed	by	Boulanger	et	al.	(2012)	with	historic	fire	polygons,	
supporting	the	observation	that	the	TTTT	has	a	much	lower	frequency	of	wildfire	
than	southwest	Yukon.	This	fits	with	knowledge	of	air	mass	circulation	in	this	part	
of	the	world,	with	central	Yukon	being	influenced	by	upper	ridges	of	the	Alaska	
interior	and	having	more	warm/dry	days	due	to	the	influence	of	the	Tintina	Trench,	
while	Teslin	in	southcentral	Yukon	receives	pacific	storm	systems	which	track	
through	northern	BC	(Michael	Smith,	personal	communication).	Southwest	Yukon	
thus	experiences	more	frequent	smaler	fires,	while	the	TTTT	in	the	Pacific	HFR	
zone	has	less	frequent	fires,	yet	supports	the	potential	for	occasional	large	fires	
during	periods	of	warm/dry	weather,	a	key	insight	for	the	TTTT	in	terms	of	
strategic	planning.	
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	Figure 3.2: Study area fire history (CNFDB polygons > 10 ha for 1946 – 2015) classified by 
decade and superimposed over the Homogenous Fire Regime (HFR) zones developed by 
Boulanger et al. (2012). The TTTT, which fals primarily within the Pacific HFR, shows a relative 
lack of recent wildfire activity compared to the more frequent fires recorded in the Southwest 
Yukon HFR. 
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3.2.2	Identifying	priority	forest	risks	
	
Starting	in	2012,	initial	discussions	on	forest	risks	in	the	context	of	future	
climate	change	were	initiated	between	institutional	researchers	and	the	TRRC,	
identifying	primary	and	associated	risks.	Interviews	with	25	key	knowledge	holders	
in	the	community	were	conducted	in	June	and	July	of	2013,	a	step	proposed	by	
TRRC	for	the	purpose	of	confirming	and	clarifying	the	initial	identification	of	risks.	
Participants	were	selected	non-randomly	(nominated	by	the	TRRC)	based	on	their	
long-term	involvement	on	the	landbase,	and	their	expertise	and	knowledge	about	
local	forests,	weather	trends,	and	forest-fire	risk.	Respondents	included	17	Tlingit	
participants	and	eight	non-Tlingit	participants	who	were	active	on	the	land,	and	
involved	in	hunting,	trapping,	gathering,	and	firewood	cutting	among	other	pursuits	
(Timko	et	al.	2015).	Thirteen	of	the	Tlingit	respondents	were	over	the	age	of	65,	the	
age	at	which	an	individual	is	considered	an	elder	by	the	TTC;	as	such	these	
participants	were	recognized	knowledge	holders	on	local	forest	changes	over	their	
lifetimes	(Timko	et	al.	2015).	
A	community	open	house	in	November	2013	was	held	to	summarize	
interview	results	and	provide	opportunity	for	broader	community	input	(Timko	et	
al.	2015).	With	the	confirmation	of	wildfire	risk	concerns	from	the	interview	process,	
a	Wildfire	Risk	Mitigation	Working	Group	(WRMG)	was	initiated	from	community	
members	and	the	TRRC	to	help	inform	wildfire	risk	and	identify	information	gaps.	
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3.2.3	Feasibility	assessment	of	Burn-P3	to	model	wildfire	hazard	
	
The	identification	of	wildfire	risk	was	a	catalyst	for	the	initiation	of	a	
feasibility	assessment	using	the	technical	tool	Burn-P3	(Probability,	Prediction,	and	
Planning)	to	assess	this	risk.	Hal	(2014)	provides	the	process	undertaken	during	
the	feasibility	study	to	develop	a	working	Burn-P3	model	for	the	TTTT.	The	
feasibility	assessment	identified	specific	inputs	that	needed	refinement	in	the	final	
model	to	better	reflect	conditions	within	the	study	area.	Of	particular	interest	was	
uncertainty	in	the	Fire	Behaviour	Prediction	(FBP)	System	fuel	type	input.	The	
process	of	model	refinement	and	steps	taken	to	address	input	limitations	identified	
in	the	feasibility	study	is	the	subject	of	Chapter	4.	
	
3.3	Results	
	
3.3.1	Community	Interviews	
	
Initial	discussions	between	institutional	researchers	and	the	TRRC	in	the	first	
year	of	the	project	(2012	–	2013)	identified	wildfire	risk,	along	with	habitat	change	
and	emerging	threats	(e.g.	Mountain	Pine	Beetle)	as	priority	project	themes	in	
Teslin.	This	established	the	foundation	for	community	interviews	during	the	second	
year	of	the	partnership	(2013	–	2014).	Community	interviews	with	knowledge	
holders	emphasized	the	importance	of	the	“Land”	and	the	natural	environment	to	
the	people	of	Teslin,	and	confirmed	wildfire	risk	as	a	priority	forest	risk	(Timko	et	al.	
2015).	Some	common	themes	emerged	from	the	interviews,	including	a	lack	of	large	
fires	in	recent	decades,	perceived	benefits	of	wildfire	for	habitat,	and	hunting,	and	
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divided	preferences	for	harvesting	as	opposed	to	controled	burning	to	facilitate	fuel	
reduction	and	mitigate	fire	risk.		
The	large	fires	of	the	1950s	and	the	forest	fuel	build-up	since	that	time,	as	
wel	as	changes	in	weather	patterns,	were	discussed	by	interview	participants.	
Regarding	the	long	duration	since	large	fires,	one	interviewee	stated:	“There	is	a	30-
40	year	period	where	you	don’t	see	burns.	You	know,	like	a	lot	of	the	burns	I	see	are	
from	the	50s	and	60s”	(Tlingit	man).	There	was	also	recolection	of	the	large	fire	of	
1958,	which	spotted	across	Teslin	Lake:	“Well	we’ve	been	known	to	have	our	forest	
fires	for	sure.	Not	nearly	what	you	see	in	other	areas	of	the	Yukon,	but	we	have.	Wel	
that	whole	side	of	the	lake	has	burnt.	Stories	of	my	family	laying	on	the	beach	at	12	
mile	with	sheet	metal	roofing	covering	them	and	the	sparks	coming	down.	That	was	
way	back	in	the	50s.	That	was	the	big	fire,	the	year	the	Yukon	nearly	burnt	up	I	think.	
But	we’ve	never	had	anything	like	that.	You	know,	the	fires	that	you	see	when	you	drive	
to	Whitehorse,	that	area,	those	are	old	historic	fires.	But	since	then	we’ve	never	had	
any	realy	big	major	burns	that	I	can	recal”	(Tlingit	Man).	Many	participants	noted	
that	summers	have	been	cooler	in	recent	decades,	or	more	unpredictable,	with	
increased	wind	(Timko	et	al.	2015).	The	consensus	is	that	the	forest	is	much	thicker	
and	more	continuous	than	50	years	ago:	“Things	are	more	mature,	and	there	is	a	lot	
of	fuel	laying	in	the	bush.	And	you	can	see	it	everywhere”	(Tlinglit	man).	
The	relationship	between	moose	habitat	and	fire	was	emphasized	by	
participants	and	indicates	the	concern	about	habitat	loss:	“There	were	a	lot	of	fires.	
One	thing	I	know,	because	I	hunt	lots,	the	regeneration	of	the	forest	has	a	big	impact	
on	the	game,	right?	So,	I	like	to	see	swathes	of	forest	burn	naturaly,	regenerate	
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because	then	I	know	the	hunting	wil	be	good	for	30,	40,	50	years	in	that	area	when	it	
starts	to	regenerate”	(Tlingit	man).	Another	participant	specificaly	mentioned	the	
undergrowth	present	after	burn:	“And	like	I	say,	you	get	new	wilows.	It’s	good	for	the	
moose.	It’s	good	for	the	rabbits”	(Tlingit	Man).	
The	consensus	that	wildfire	risk	is	present	and	widespread	was	consistent	
among	participants.	One	participant	noted	wildfire	was:	“More	of	a	risk.	Up	in	the	
south	Canol,	it’s	real	thick	up	there,	like	along	the	Nisutlin	Valey”	(Tlingit	man).	
Opinions	on	management	options	for	wildfire	mitigation	varied	among	knowledge	
holders,	with	some	preferring	harvest	and	others	open	to	the	idea	of	controled	
burns	if	undertaken	carefuly	(Timko	et	al.	2015).	
The	observation	that	Teslin	is	prone	to	LIFs	was	a	key	outcome	of	community	
interviews,	and	these	first-hand	accounts	are	supported	by	the	limited	fire	record,	
and	a	dendrochronology	study	conducted	by	Griesbauer	and	Green	(2012),	which	
identified	likely	drought	periods	coinciding	with	the	1917,	1950,	and	1958	fires.	It	is	
unclear	if	aboriginal	burning	was	practiced	in	Teslin,	and	although	some	elder	
interviews	confirmed	the	possibility,	the	practice	was	likely	not	widespread	and	
would	require	further	investigation	(Timko	et	al.	2015).	
	
3.3.2	Feasibility	Study	
	
Early	exploration	of	Burn-P3	and	the	resulting	visuals	were	received	
positively	by	research	partners	and	community	members,	although	the	WRMG	was	
cautioned	not	to	interpret	the	early	visuals	on	the	scale	of	individual	pixels,	but	
rather	as	a	conceptualization	of	what	Burn-P3	was	capable	of	providing	to	support	
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community	planning.	Inputs	used	in	the	feasibility	study	lacked	validation,	but	it	
was	clear	that	Burn-P3	could	help	visulize	relative	wildfire	risk	for	the	community.	
Particularly	interesting	was	how	intuitive	output	fire	hazard	maps	were	to	
community	members,	a	reflection	of	the	coherence	between	community	members’	
perceptions	of	fire	hazard	and	the	visualizations.	What	initial	Burn-P3	outputs	
provided	was	a	spatial	representation	of	fire	hazard	concerns	already	perceived	in	
the	community.	These	visuals	served	as	a	point	of	conversation	for	how	fire	hazard	
could	serve	as	a	central	theme	in	forest	management	planning.	Identified	
weaknesses	in	input	data	were	deemed	worthy	of	further	investigation	and	
refinement,	which	is	the	subject	of	chapter	4.	
	
3.4	Discussion	
	
The	cyclical	fire	regime	in	Teslin	was	a	key	finding	derived	from	community	
interviews.	Recent	research	using	dendrochronology	and	charcoal	analysis	suggests	
multi-decadal	climatic	variability	may	be	the	normal	trend	in	parts	of	the	boreal	
forest	(Kely	et	al.	2013;	Sauchyn	et	al.	2015).	There	is	coherence	between	
dendrochronology,	historical	records,	and	community	interviews	to	support	a	
climatic	cycle	that	fluctuates	between	high	and	low	risk	fire	weather.	Large-
landscape	wildfire	was	adopted	as	a	unifying	theme	in	Teslin	to	bring	al	
risks/opportunities	into	integrated	land-management	planning.	
The	technical	information	from	wildfire	hazard	modeling	has	helped	identify	
critical	chalenges	and	potential	recommendations	to	address	community-identified	
needs/opportunities.	The	potential	for	large-landscape	fires	and	the	proximity	of	
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key	risk	areas	to	the	community	are	the	key	chalenges.	Recommendations	as	
presented	in	Green	(2016)	fal	under	three	general	themes:	1)	Combining	wildfire	
mitigation	with	land	management	activities	provides	an	opportunity	to	increase	
community	adaptation	capacity,	2)	Any	wildfire	mitigation	needs	to	be	informed	by	
accurate	information	and	community	values,	3)	Strategies	to	build	community	
capacity	need	to	be	identified	in	order	to	provide	greater	resilience	despite	
increasing	complexity	and	chalenges.	
Empirical	wildfire	modeling	is	as	much	an	art	as	a	science	(Van	Wagner	
1985)	and	as	such	can	be	complimentary	to	local	and	traditional	ecological	
knowledge	(TEK).	This	project	is	an	example	of	how	western	science	can	be	
informed	by	TEK;	findings	from	community	interviews	guided	folow-up	research	
into	the	fire	disturbance	regime	of	the	region.	At	this	point	al	forest	management	
thinking	and	planning	in	the	community	(both	within	TTC	and	between	TTC	and	
Yukon)	is	being	viewed	through	the	lens	of	wildfire	risk	mitigation,	and	these	
findings	have	been	adopted	to	support	land-management	planning;	as	such,	this	
project	has	already	proved	useful	through	the	increased	awareness	of	wildfire	risk	
within	the	community.	
	
3.5	Conclusion	
	
The	community	engagement	process	undertaken	in	this	research	project	
emphasized	the	importance	of	local	knowledge	holders	for	informing	land	
management	practices.	TEK	supports	the	belief	that	Teslin	is	prone	to	cyclical	
climate	patterns,	and	susceptible	to	LIFs	during	warmer	phases	of	this	pattern.	Not	
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enough	information	exists	to	predict	if	this	cycle	wil	continue,	leading	to	
uncertainty	and	the	need	to	identify	a	range	of	future	predictive	scenarios,	which	
Burn-P3	can	help	provide.	
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Chapter	4	Using	Burn-P3	to	identify	wildfire	hazard	under	a	changing	climate	
in	Teslin	Yukon	
	
4.1	Introduction	
	
Initial	experimentation	led	to	the	conclusion	that	Burn-P3	would	be	a	useful	
tool	for	incorporation	into	landscape-level	planning	in	the	TTTT.	The	specific	steps	
taken	in	the	preliminary	feasibility	study	for	the	use	of	Burn-P3	in	the	TTTT	are	
documented	by	Hal	(2014).	That	early	work	set	the	stage	for	the	research	that	
folowed,	alowing	the	development	of	a	working	Burn-P3	model	for	the	TTTT.	
The	process	of	building	a	Burn-P3	model	is	an	iterative	process.	Many	
diferent	scenarios	have	been	tested	since	preliminary	experimentation	with	Burn-
P3	began,	and	some	of	that	evolutionary	trial	and	error	is	detailed	herein,	because	it	
may	be	helpful	for	other	researchers	interested	in	adapting	Burn-P3	for	use	in	other	
landscapes.	Much	of	the	literature	on	Burn-P3	(e.g.	Parisien	et	al.	2005;	Beverly	et	al.	
2009;	Braun	et	al.	2010;	Parisien	et	al.	2012;	Wang	et	al.	2016)	assumes	some	level	
of	user	understanding	of	Geographic	Information	Systems	(GIS),	and	the	Canadian	
Forest	Fire	Danger	Rating	System	(CFFDRS),	and	its	subcomponent	parts,	the	Fire	
Behaviour	Prediction	(FBP)	and	Fire	Weather	Index	(FWI)	Systems,	and	a	similar	
level	of	understanding	is	assumed	here.	Many	of	the	assumptions	and	decisions	
made	were	informed	by	expert	opinion	from	leading	Burn-P3	researchers,	and	
expert	opinion	was	exercised	by	the	research	team	as	familiarity	with	the	TTTT	
study	area	increased.	
Multiple	inputs	were	required	for	incorporation	into	each	Burn-P3	model.	
Spatial	inputs	were	generated	using	ArcMap	(ESRI	2012),	and	R	(R	Core	Team	
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2016),	and	were	required	to	have	a	consistent	projection	and	resolution.	Spatial	
inputs	are	raster	datasets	and	are	referred	to	herein	as	grids.	Yukon	Albers	was	
chosen	as	the	projection	to	which	al	data	was	set,	because	it	minimizes	distortion	
for	the	Yukon	Territory	and	the	study	area.	Non-spatial	input	datasets	were	created	
using	spreadsheet	software	based	on	historic	data	and	expert	opinion.	
	 The	Burn-P3	model	consists	of	mapped	inputs,	and	settings	that	attempt	to	
accurately	reflect	the	natural	fire	regime	(Figure	4.1).	Mapped	inputs	consist	of	a	
FBP	System	fuel-type	grid	and	an	elevation	grid.	The	ignitions	module	determines	
the	number	of	ignitions	modeled	per	iteration,	and	by	cause,	season,	and	fire	zone	if	
applicable,	along	with	providing	each	ignition	a	location	drawn	from	probabilistic	
ignition	grids	(Figure	4.1).	The	burning	conditions	module	controls	for	burning	
duration	with	the	number	of	burning	days	assigned	to	each	fire,	and	provides	daily	
fire	weather	conditions	to	be	used	for	each	new	day	of	burning,	drawn	from	a	fire	
weather	list	(Figure	4.1).	The	process	is	repeated	for	the	number	of	iterations	
specified	by	the	user,	after	which	burn	probability	is	calculated.	Further	information	
is	available	on	the	specifics	of	these	components	in	the	Burn-P3	user’s	manual	
(Natural	Resources	Canada	2016).	
	 The	purpose	of	this	chapter	is	to	provide	the	steps	taken	and	assumptions	
made	in	the	creation	of	al	Burn-P3	inputs,	along	with	providing	resulting	BP	
estimates	for	the	TTTT	for	future	climate	scenarios	and	a	discussion	of	the	validity	
of	these	final	outputs.	
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	Figure 4.1: Representation of the Burn-P3 modeling processes for a single iteration, which 
consists of mapped inputs and modules that atempt to accurately reflect the natural fire regime. 
Bpi is the burn probability of a pixel, bi s the number of times a pixel burns, and N is the total 
number of iterations. 
	
4.2	Methods	
	
4.2.1	Study	Area	
	
The	study	area	for	this	project	was	the	Teslin	Tlingit	traditional	territory	
(TTTT),	for	which	a	description	of	the	environmental	and	social	influences	was	
provided	is	section	3.2.1.	The	TTTT	includes	2,718,370	ha	of	Yukon	Territory	and	
1,050,731	ha	of	British	Columbia.	Selection	of	the	TTTT	as	the	study	area	alowed	a	
suficiently	large	area	to	reflect	a	natural	disturbance	regime	understood	to	be	
dominated	by	large	infrequent	fires	(LIFs).	A	spatial	representation	(shapefile)	of	
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the	TTTT	boundary	was	obtained	from	the	Teslin	Tlingit	Council	for	incorporation	
into	a	GIS.	To	avoid	edge	efect	for	the	output	burn	probability	maps,	an	additional	
bufer	was	added	to	the	TTTT	boundary	and	al	subsequently	created	inputs,	
alowing	simulated	fires	ignited	outside	the	study	area	to	spread	into	the	study	area.	
It	was	approximated	based	on	the	maximum	spatial	extent	of	previously	recorded	
fires	that	a	50-km	bufer	was	suficient	to	alow	for	a	large	simulated	wildfire	to	be	
reflected	in	the	output	burn	probability	for	the	TTTT.	The	final	predictive	BP	maps	
were	ultimately	clipped	back	down	to	the	TTTT	boundary,	removing	the	uncertainty	
in	output	values	derived	within	the	50-km	bufer	zone.	
Desired	model	burn	probability	output	resolution	defines	input	resolution.	
Initialy	a	pixel	resolution	of	250	m	was	used	because	this	was	the	resolution	of	the	
available	FBP	System	layers.	After	fieldwork	that	informed	the	creation	of	a	custom	
FBP	System	fuels	layer,	a	resolution	of	100	m	was	chosen	as	a	compromise	between	
detail	and	computational	eficiency.	
	
4.2.2	Mapped	Inputs	
	 	
		 The	mapped	inputs	(landscape	component)	consists	of	a	FBP	System	fuel	
lookup	table,	for	which	the	default	Prometheus	table	comes	preloaded,	and	multiple	
raster	based	spatial	representations	of	the	landscape,	only	one	of	which,	the	FBP	
System	fuel	grid,	and	its	associated	projection	file,	are	mandatory.	Three	additional	
optional	mapped	inputs	that	may	be	desired	by	the	user	depending	on	study	area	
are	an	elevation	grid,	fire	zones	grid,	and	weather	zones	grid.	The	TTTT	study	area	
is	a	mountainous	region,	and	since	elevation	was	understood	to	have	considerable	
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impact	on	fire	behaviour,	it	was	deemed	a	necessary	input.	Thus,	for	the	TTTT	study	
area,	mapped	inputs	of	the	landscape	component	consisted	of	a	FBP	System	fuel	grid	
and	an	elevation	grid.	
	
	
4.2.2.1	Development	of	FBP	System	fuel	grid	
	
	 Sourcing	reliable	fuel	data	with	which	to	create	the	FBP	System	grid	was	one	
of	the	greatest	chalenges	of	this	project.	There	are	inherent	limitations	in	
representing	reality	with	pixels	in	a	raster	dataset.	There	are	also	shortcomings	in	
the	FBP	System	itself,	with	only	16	fuel	types	that	do	not	easily	categorize	al	forest	
and	vegetation	types.	Assumptions	and	simplifications	made	during	the	creation	of	
fuel	grids	can	result	in	very	diferent	FBP	System	fuel	interpretations.	
Multiple	FBP	System	datasets	have	been	used	experimentaly.	Initialy,	a	
national	fuels	classification	at	a	resolution	of	250	m,	provided	by	the	Canadian	
Forest	Service	(CFS)	and	commonly	referred	to	as	“Canfuels”	was	used	(Nadeau	et	al	
2005).	Yukon	Wildfire	Management	Branch	also	shared	an	internaly	created	fuels	
layer	which	covered	only	the	Yukon	portion	of	the	TTTT.	In	the	spring	of	2015,	a	
new	national	fuels	layer	was	provided	by	CFS	and	received	updating	after	expert	
opinion	from	Yukon	Wildfire	Management	Branch.	Around	this	time,	Yukon	Forest	
Management	branch	made	available	a	new	vegetation	inventory	which	happened	to	
cover	a	critical	portion	of	our	study	area,	including	the	community	of	Teslin.	An	
accurate	FBP	System	fuels	layer	is	a	vital	pursuit	since	this	component	has	the	
greatest	impact	on	burn	probability	(Parisien	et	al.	2011;	Parisien	et	al.	2012).	
Fieldwork	to	assess	the	possibility	of	converting	vegetation	inventory	
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polygon	data	from	the	forest	inventory	dataset	into	FBP	System	fuel	types	was	
undertaken	as	a	potential	improvement	over	the	CFS	national	FBP	System	grid.	This	
field	assessment	and	groundtruthing	of	the	inventory	occurred	over	15	days	
between	July	28	–	August	14,	2015,	and	improved	the	research	team’s	
understanding	of	vegetation	complexes	in	the	study	area.		Confidence	in	the	
classification	of	vegetation	inventory	polygons	alowed	conversion	to	FBP	System	
fuel	types	via	a	classification	scheme	based	on	expert	opinion.	The	final	
classification	scheme	was	decided	upon	after	a	process	of	refinement	undertaken	
during	fieldwork.	Further	explanation	of	the	final	classification	scheme	and	the	
processes	taken	to	convert	vegetation	inventory	polygons	into	FBP	System	fuel	
types	is	provided	in	Appendix	A.	The	interpretation	is	subject	to	simplifications	but	
is	thought	to	be	a	reasonable	representation	of	fuel	types	in	the	region.	Common	
fuel	types	in	the	region	include	C2,	C3,	C4,	and	D1/D2	(Figure	4.2).	For	the	
conversion	to	FBP	System	fuel	types,	a	resolution	of	100	m	was	chosen,	which	is	an	
improvement	over	the	national	fuels	data.	This	resolution	alows	for	greater	
confidence	in	the	wildfire	probability	modeled	in	the	area	immediately	surrounding	
Teslin.	However,	because	the	extent	of	the	updated	vegetation	data	was	limited,	the	
national	fuels	data	of	a	lower	resolution	was	required	for	the	portion	of	the	study	
area	outside	the	vegetation	inventory	extent,	which	resulted	in	a	composite	dataset	
with	a	prominent	edge	efect	(Figure	4.3).	The	national	fuels	layer	underestimates	
C2	while	overestimating	C3	relative	to	the	vegetation	derived	fuels	layer,	so	
provides	a	slightly	more	conservative	estimate	of	fuel	type.	
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	Figure 4.2: Prominent fuel types in the TTTT based on summer 2015 fieldwork. Refer to Section 
2.4.2 for additional background on the FBP System. 
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 Figure 4.3: Composite FBP System fuel grid used in Burn-P3 modeling. Based on field-sampling 
interpretation, vegetation inventory data available for SFMP LUs was used to construct a portion 
of the grid, the extent of which is displayed by dashed red line. The remainder of the grid consists 
of the CFS National FBP System fuel-type interpretation. The diferences between the two FBP 
System fuel-type datasets composing this grid is clearly observable, and the research team noted 
that the CFS National FBP System fuel grid underestimates the amount of C2 (boreal spruce) in 
sampled areas, making the vegetation inventory derived dataset a more accurate interpretation.  
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4.2.2.2	Elevation	
	
Elevation	has	a	significant	influence	on	fire	behaviour	and	spread	rate	
(Forestry	Canada	Fire	Danger	Working	Group	1992).	Some	Burn-P3	studies	in	flat	
areas	have	opted	to	forgo	elevation	(e.g.	Braun	et	al.	2010;	Parisien	et	al.	2011);	
however,	this	was	not	an	option	in	the	mountainous	TTTT.	Elevation	data	is	
publicaly	available	from	government	databases.	Individual	1:250,000	DEM	sheets	
of	a	suficient	extent	to	cover	the	TTTT,	with	the	additional	50	km	bufer,	were	
downloaded	from	Geobase.	The	DEM	was	refined	in	the	GIS	to	match	the	
characteristics	of	the	FBP	System	fuels	layer;	it	was	projected	to	Yukon	Albers,	had	a	
100-m	resolution	specified,	and	snapping	was	set	to	this	layer	in	order	for	the	
individual	pixels	of	each	raster	dataset	to	directly	overlap	(Figure	4.4).	
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	Figure 4.4: Elevation grid used in Burn-P3 modeling. The TTTT is moderately mountainous, 
prompting the necessity for an elevation grid to accurately model fire spread under the FBP 
System. The image on the right was taken during field-sampling from a radio tower viewpoint 
accessible by vehicle slightly north of the Vilage of Teslin. Direction is looking southeast, with 
Tle’nax T’Awei (Lone Sheep Mountain; Mt. Keish, BC; elevation: 1969 m) serving as a prominent 
elevational focal point, commonly referred to in the community as Dawson Peaks or The Three 
Aces. 
	
4.2.3	Ignitions	Module	
	
	 The	ignitions	module	determines	initial	ignition	locations	per	iteration,	and	
the	number	of	fires	per	iteration.	The	module	consists	of	three	inputs,	probabilistic	
raster	ignition	grids,	along	with	two	aspatial	distributions,	the	‘number	of	ignitions’,	
and	the	‘distribution	of	ignitions	by	cause,	season,	and	fire	zone’,	which	help	to	
better	reflect	historic	ignition	patterns	in	the	study	area.	
The	ignition	grids	are	raster	probability	grids	representing	the	relative	
likelihood	of	ignition	on	a	pixel	basis.	Multiple	ignition	grids	can	be	created	based	on	
season	(spring	vs.	summer),	and	fire	cause	(human	vs.	lightning).	On	large	
landscapes,	ignitions	can	vary	based	on	clearly	defined	landscape	diferences	(i.e.	
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elevation),	in	which	case	it	may	be	sensible	to	also	split	ignition	grids	by	fire	zone,	
which	are	regions	of	unique	and	identifiably	diferent	natural	fire	regimes	(Burn-P3	
User’s	Manual	2016).	For	simplicity,	fire	zone	stratification	was	not	used	in	this	
project.	
Ignition	grids	that	considered	previous	ignition	locations,	but	did	not	rely	
solely	on	the	limited	fire	record	alone	were	desired.	To	create	the	ignition	grids	for	
the	study	area,	a	logistic	regression	analysis	was	used	to	link	environmental	
variables	to	historic	ignitions,	and	apply	the	relationship	to	each	pixel	on	the	
landscape	(e.g.	Syphard	et	al.	2008;	Bar	Massada	et	al.	2011;	Scott	et	al.	2012;	
Parisien	et	al.	2012;	Wang	et	al.	2016).	Fire	point	data	was	acquired	from	the	
Canadian	national	fire	database	and	included	data	from	1946-2015.	Through	
exploratory	analysis	it	was	decided	that	ignitions	which	resulted	in	fires	greater	
than	3	ha	were	the	best	estimate	of	ignition	potential	from	escaped	fires,	accounting	
for	99.8%	of	the	total	area	burned,	and	being	large	enough	to	avoid	very	small	fires	
that	have	a	diferent	spatial	pattern	on	the	landscape.	Spring	was	assumed	to	end	on	
May	31st	while	summer	was	assumed	to	start	June	1st.	This	date	was	chosen	as	a	
prediction	of	average	deciduous	leaf-out	time	based	on	personal	observation	and	
feedback	from	local	people,	and	alows	green-up	rules	to	be	applied	to	the	
Prometheus	dual-fuel	types:	D1/D2	and	M1/M2.	The	green-up	rules	set	the	date	of	
leaf-out	for	deciduous	fuel	types,	alowing	the	dual-fuel	types	to	reflect	lower	
moisture	content	in	the	spring,	and	higher	moisture	content	in	the	summer.	Since	
very	few	fires	occur	in	spring	within	the	study	area	historicaly,	and	the	logistic	
regression	analysis	requires	a	large	enough	sample	size	of	recorded	wildfires	to	be	
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valid,	the	ignition	grids	were	split	by	cause	only	(i.e.	human	and	lightning).	The	
assumption	was	made	that	spring	ignitions	would	assume	a	similar	pattern	to	
summer	ignitions,	so	that	the	human	ignition	grid	would	be	used	for	both	spring	and	
summer,	and	the	lightning	grid	would	be	used	for	both	spring	and	summer,	alowing	
green-up	diferences	to	be	respected.	Therefore,	although	there	are	four	
combinations	of	cause	and	season	in	Burn-P3,	only	two	ignition	grids	are	used.	
The	statistical	package	R	was	used	to	perform	the	logistic	regression	analysis	
(R	Core	Team	2016).	For	detailed	step-by-step	instructions	of	the	process	
undertaken	to	build	the	ignition	grids,	along	with	R	code	used,	consult	Appendix	B.	
The	dependent	variable	was	set	to	previous	ignitions,	and	randomly	generated	
pseudo-ignition	absences.	The	independent	environmental	variables	included	
enduring	landscape	features:	elevation,	topographic	position	index,	radiation,	and	
for	human	ignitions,	distance	to	roads	and	road	density.	Al	dependent	and	
independent	variables	were	created	in	ArcMap	and	are	in	raster	form.	These	inputs	
were	incorporated	into	R	for	the	analysis.	First,	correlation	between	variables	was	
checked	for,	and	found	to	be	acceptably	low	(r	<	0.7).	A	general	additive	model	
(GAM)	analysis	suggested	elevation,	road	distance	and	road	density	were	the	
significant	explanatory	variables	for	the	human	ignition	grid,	while	elevation	and	
topographic	position	index	were	the	significant	explanatory	variables	for	the	
lightning	ignition	grid.	A	general	linear	model	(GLM)	was	then	built	with	the	
significant	predictor	variables,	with	quadratic	transformations	for	variables	that	
were	non-linear.	The	ignition	grids	were	then	generated	using	the	Raster	package	in	
R,	which	applies	the	GLM	to	each	pixel	on	the	landscape.	The	probability	of	a	pixel	
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supporting	an	ignition	ranges	from	0	to	1,	with	a	larger	number	representing	a	
greater	likelihood	of	Burn-P3	selecting	that	pixel	as	an	ignition	point	(Figure	4.5).	
	
	Figure 4.5: Ignition grids for a) human-caused and b) lightning-caused fires used in Burn-P3 
modeling. These grids represent the relative probability of ignition of fires > 3 ha. The greater the 
pixel value on the 0 – 1 scale, the greater the probability that the pixel wil support a fire ignition. 
These grids were created using a logistic regression analysis linking historic ignitions > 3 ha 
(1946 – 2015; shown by black dots) with enduring environmental variables (elevation, 
topographic position index, radiation, distance to roads, and road density). These grids are 
independent of each other, with the ‘distribution of ignitions by cause, season, and fire zone’ 
directing Burn-P3 how often each grid is used to determine a modeled ignition location. 
	
Only	fires	that	have	the	potential	to	escape,	or	grow	large	enough	to	have	a	
significant	impact	on	the	landscape	are	of	interest	in	determining	overal	burn	
probability.	The	‘number	of	ignitions	per	iteration’	input	is	the	second	input	in	the	
ignitions	module,	and	specifies	annual	escaped	fire	frequency	by	percent,	based	on	
the	historic	fire	record.	Burn-P3	draws	from	this	distribution	to	determine	the	
number	of	fires	burnt	during	each	iteration	(burning	year).	For	a	fire	to	be	
considered	an	escaped	fire	it	must	be	larger	than	a	user-specified	size	and	fires	that	
45		
do	not	meet	the	minimum	specified	fire	size	are	not	modeled	on	the	landscape.	
Since	smal	fires	have	only	a	smal	influence	on	overal	burn	probability,	this	is	a	
reasonable	simplification	and	is	computationaly	more	eficient.	In	the	literature,	
200	ha	is	often	used	as	a	threshold	for	what	constitutes	an	escaped	fire	in	boreal	
ecosystems.	One	estimate	is	that	fires	greater	than	200	ha	account	for	97%	of	the	
area	burned	across	Canada,	despite	only	accounting	for	3%	of	fires	by	frequency	
(Stocks	et	al.	2002).	However,	exploratory	analysis	prompted	the	use	of	a	much	
smaler	size	threshold	of	10	ha.	This	size	threshold	was	arrived	at	through	the	
calibration	process	of	comparing	modeled	fire	sizes	to	historic	fire	sizes	(Appendix	
C).	Although	a	size	cutof	of	3	ha	was	used	in	the	creation	of	ignition	grids,	it	is	
acceptable	to	use	a	diferent	size	threshold	for	modeled	wildfires	as	these	inputs	
are	not	mathematicaly	linked.	Fires	greater	than	10	ha	for	each	year	of	the	
Canadian	National	Fire	Database	from	1946	–	2013	were	summarized	to	create	the	
‘number	of	ignitions’	input	for	use	in	Burn-P3.	Smoothing	of	the	data	was	performed	
using	curve-fitting	software	to	create	the	final	input.	(Figure	4.6).	The	zero	values	of	
frequency	were	not	taken	into	account	in	the	curve	fitting.	
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	Figure 4.6: ‘Number of ignitions per iteration’ prediction for TTTT (based on fire data from 1946-
2015). Bar Graph is original data for wildfires greater than 10 ha and line represents logistic 
smoothing for incorporation into Burn-P3. The values from logistic smoothing are displayed in the 
inset table. 
	
The	third	input	in	the	ignitions	module	is	the	‘distribution	of	ignitions	by	
season,	cause,	and	fire	zone’,	which	better	reflects	known	spatial	and	temporal	
patterns	in	ignitions	(i.e.	seasonal	patterns),	by	modeling	ignitions	using	
appropriate	ignition	grids	reflective	of	historic	observed	trends.	Thus,	modelled	
fires	are	better	able	to	match	historicaly	observed	escaped	fires	by	season,	fire	
cause,	and	fire	zone.		
	 The	‘distribution	of	ignitions	by	season,	cause,	and	fire	zone’	input	was	
created	for	the	study	area	by	interpreting	the	same	Canadian	national	fire	database	
point	data	used	to	create	the	ignition	grids	and	the	‘number	of	ignitions’	inputs.	It	
was	assumed	spring	ended	on	May	31st,	while	summer	began	on	June	1st.	The	
database	provides	fire	cause,	alowing	separation	of	human	and	lightning	fires.	The	
study	area	has	not	been	split	into	separate	fire	zones	because	there	is	a	limited	
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number	of	recorded	fires	in	the	study	area,	which	doesn’t	alow	clear	division	of	fire	
zones	of	difering	fire	regimes.	The	Homogenous	Fire	Regime	(HFR)	zones	proposed	
by	Boulanger	et	al.	(2012)	were	considered,	but	this	coarse-level	classification,	
would	have	provided	no	additional	segregation.	Another	option	for	division	of	fire	
zones	would	be	to	use	predefined	ecological	classification	systems,	for	example	
Burn-P3	studies	in	BC	have	made	use	of	the	Biogeoclimatic	System	(Parisien	et	al.	
2012,	Wang	et	al.	2016).	However,	Ecological	Landscape	Classification	is	stil	in	
development	in	Yukon.	Regardless,	the	ignition	grids	already	account	for	ignition	
variability	to	some	extent	(M-A.	Parisien,	personal	communication,	2016).	Based	on	
the	fire	record,	the	majority	of	large	escaped	fires	occur	in	summer	via	lightning	
(Table	4.1).	
 
Table 4.1. ‘Distribution of ignitions by cause, season, and fire zone’ for the TTTT based on 
historic ignitions (1946 – 2015) greater than 10 ha, and assuming a May 31st/June 1st division 
between spring and summer seasons. 
Season Cause Ignition (%) 
Spring Human 5.07 
 Lightning 2.76 
Summer Human 27.19 
 Lightning 64.98 
	
	
	
4.2.4	Burning	Conditions	Module	
	
	 The	burning	conditions	module	consists	of	two	inputs	(weather	and	burning	
duration),	and	provides	the	ignition	locations	with	burning	conditions	conducive	to	
fire	spread.	The	fire	weather	list	consists	of	a	list	of	noon	weather	data	with	high	
and	extreme	burning	conditions,	while	the	distribution	‘spread-event	days’	controls	
the	duration	of	modeled	fires.	
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Since	only	large	fires	with	the	ability	to	influence	BP	are	of	interest	for	
modeling	in	Burn-P3,	fire-conducive	weather	must	be	provided	to	ensure	modeled	
fires	are	capable	of	growing	to	sizes	expected	based	on	the	historic	fire	record	for	
the	study	area	(1946	–	2015).	In	creating	the	fire	weather	lists,	a	FWI	≥	19	was	used	
to	approximate	high	and	extreme	fire	weather	(Podur	and	Wotton	2011),	a	
technique	folowed	in	other	recent	Burn-P3	projects	(e.g.	Parisien	et	al.	2012;	Wang	
et	al.	2016;	Stockdale	2017).	
With	climate	change	likely	impacting	future	wildfire	activity,	downscaled	
General	Circulation	models	(GCMs)	were	used	to	generate	fire	weather	lists	for	use	
in	Burn-P3.	GCMs	are	climate	models	based	on	predicted	emission	trajectories	along	
with	global	circulation	patterns,	and	the	use	of	GCMs	is	wel	documented	in	
predictive	wildfire	research	in	Canada	(Podur	and	Wotton	2010;	Wang	et	al.	2015;	
Wotton	et	al.	2017).	Three	GCMs	were	chosen	to	assess	the	impact	of	future	
projected	weather	conditions	on	burn	probability	in	the	study	area:	the	Canadian	
Centre	for	Climate	Modeling	and	Analysis	(CGCM3),	the	Hadley	Centre	for	Climate	
Prediction	(HadCM3),	and	the	Institut	Pierre	Simon	Laplace	(IPSL	cm4).	For	each	of	
these	GCMs,	the	most	severe	GHG	concentration	trajectory,	a	Representative	
Concentration	Pathway	(RCP)	of	8.5	(IPCC	5th	report;	IPCC	2014)	was	used,	and	is	
sometimes	referred	to	as	a	business-as-usual	scenario.	The	RCP	8.5	pathway	was	
preceded	by,	and	is	comparable	to	the	A2	emission	scenario	described	in	the	Special	
Report	on	Emission	Scenarios	(IPCC	2000),	and	assumes	increasing	population,	
continued	fossil	fuel	reliance,	and	independently	operating	nations.	
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	Multiple	future	scenarios	incorporating	diferent	weather	lists	as	the	only	
change	were	prepared.	The	observed	weather	scenario	is	based	on	recorded	
weather	from	the	Teslin	Airport	Station	(1986	–	2015),	and	was	prepared	in	
advance	of	the	GCM	simulated	weather	lists.	The	baseline	scenario	consists	of	a	
simulated	representation	of	the	current	climate	(1981	–	2010),	corresponding	
generaly	to	the	observed	weather	record.	The	baseline	period	is	not	attempting	to	
match	the	observed	period,	but	rather	the	baseline	period	is	attempting	to	
approximate	weather	conditions	in	the	study	area	at	the	beginning	of	the	21st	
century	(Podur	and	Wotton	2010).	Two	future	time	periods,	2031-2060	(2050s),	
and	2061-2090	(2080s),	along	with	the	three	chosen	GCMs,	result	in	the	folowing	
projected	future	scenarios:	2050s	CGCM,	2080s	CGCM,	2050s	Hadley,	2080s	Hadley,	
2050s	IPSL,	and	2080s	IPSL.	The	future	scenarios	are	not	for	comparison	to	the	
observed	scenario,	but	are	only	comparable	to	the	baseline	scenario,	which	
incorporates	the	same	potential	biases	present	in	the	GCMs	used	to	generate	the	
future	weather	lists.		
Weather	lists	included	noon	temperature,	relative	humidity,	wind	speed	and	
24-hour	precipitation,	along	with	calculated	FWI	System	indices.	Wind	direction	
data	for	future	scenarios	had	to	be	generated	from	the	observed	weather	period	
wind	data,	and	was	randomized	before	adding	to	the	baseline	and	future	scenario	
weather	lists.	This	is	a	simplification,	but	adequately	retains	general	wind	direction	
patterns	previously	observed	during	fire-conducive	weather.	In	Burn-P3,	a	separate	
noon	weather	record	is	drawn	for	each	burning	day	of	a	modeled	escaped	fire.	
Weather	records	can	be	drawn	randomly	or	sequentialy	from	the	list.	For	this	
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project,	al	weather	records	(i.e.	days)	were	kept	in	order	by	date,	alowing	the	
sequential	option	to	be	chosen,	which	better	reflects	natural	temporal	weather	
patterns	when	Burn-P3	simulates	multi-day	fires.	A	summary	comparison	of	
weather	parameter	and	FWI	value	distributions	between	the	eight	scenarios	was	
prepared	(Figure	4.7).		
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 Figure 4.7: Comparison of fire weather list parameters for the 8 scenarios representing the 
distributions of input weather data used for modeling in Burn-P3. Note that the windrose plot 
indicates direction the wind blows from during fire-conducive weather periods. Also note that 
precipitation is ploted based on the 95% confidence interval for the mean rather than a boxplot, 
which did not show meaningful data being that most fire-conducive days have minimal 
precipitation. 
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The	‘spread-event	days’	input	is	the	second	input	within	the	burning	
conditions	module,	and	determines	the	duration	of	burning	of	each	fire.	Past	
research	has	indicated	that	wildfire	growth	occurs	on	only	a	limited	number	of	days,	
with	an	individual	fire	making	significant	runs	on	these	select	fire-conducive	days,	
regardless	of	the	total	duration	of	active	burning	(Podur	and	Wotton	2011;	Wang	et	
al.	2014).	These	fire-conducive	days	are	generaly	characterized	by	high	
temperature,	low	humidity,	windy	conditions,	and	prior	drought	leading	to	low	fuel	
moisture,	al	of	which	culminate	in	a	high	FWI	value,	a	representation	of	potential	
fire	intensity	(Wang	et	al.	2014).	During	summer	in	western	Canada,	high	pressure	
systems	of	warm	and	dry	conditions	alow	the	drying	of	forest	fuels	and	remain	in	
place	for	multiple	days,	acting	as	blocking	highs,	but	are	often	preceded	and	
folowed	by	dry	low	pressure	systems	that	may	initiate	new	lightning	fires	and	are	
typicaly	accompanied	by	high	wind,	alowing	for	extreme	fire	behaviour	to	occur	on	
active	wildfires	(Price	et	al.	2013;	Johnson	and	Wowchuk	1993).	
In	Burn-P3	there	is	some	user	discretion	and	flexibility	as	to	what	constitutes	
a	‘spread-event	day’,	but	mimicking	the	historic	fire	size	distribution	is	the	goal,	
with	fire	size	being	a	function	of	fire	duration.	Like	the	‘number	of	ignitions’,	and	
‘distribution	of	ignitions	by	season,	cause,	and	fire	zone’,	‘spread-event	days’	are	
represented	by	a	probability	distribution	input	created	from	historic	data.	
Consulting	the	weather	record	to	build	a	distribution	of	sequential	days	of	FWI	≥	19	
was	considered;	however,	potential	spread-days	are	not	realized	spread-days	
(Wang	et	al.	2014).	Realized	spread-days	can	be	interpolated	from	Moderate-
resolution	imaging	spectroradiometer	(MODIS)	data	folowing	a	technique	
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presented	in	Parks	(2014);	however,	investing	time	building	accurate	fire	
progression	maps	was	not	desired	because	the	‘spread-event	days’	input	typicaly	
undergoes	iterative	modification	through	a	process	of	calibration	to	better	match	
the	distribution	of	modeled	fire	sizes	to	historic	fire	sizes	(Parisien	et	al.	2012;	
Wang	et	al.	2016).	
	 To	approximate	a	‘spread-event	days’	input,	pre-built	CFS	MODIS	fire	
progression	estimates	from	the	study	area	for	2003	–	2016	were	consulted.	Using	
the	rate-of-spread	(ROS)	attribute,	days	on	which	fires	made	a	substantial	run	were	
isolated	(e.g.	Parisien	et	al.	2012;	Wang	et	al.	2016).	A	ROS	≥	5.0	was	used	as	a	
starting	point.	Through	the	process	of	calibration,	detailed	in	Appendix	C,	a	ROS	≥	
3.0	was	found	to	better	match	historic	fire	sizes,	and	manual	tweaking	was	
performed	to	improve	the	‘spread-event	days’	input	further	(Figure	4.8).	In	addition,	
an	assessment	of	indirect	absolute	diference	and	mean	burn	probability	with	
increasing	iterations	guided	the	decision	to	use	30,000	iterations	in	final	model	runs	
to	ensure	stable	BP	values.	(Appendix	C).	
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	Figure 4.8: ‘Spread-event days’ input created from MODIS fire progression data. Bar graph is the 
original progression data for fires with a ROS ≥ 3.0, which was logisticaly smoothed (grey line) 
and subsequently refined through calibration (black dashed line). The number of days of fire 
spread for each modeled fire is drawn from the calibrated distribution, the values of which are 
displayed in the inset table. 
	
	
4.2.5	Fire	Growth	Module	
	
	 The	fire	growth	module	incorporates	the	ignition	location	with	specified	FBP	
System	fuels	and	models	fire	growth	with	specified	weather	and	duration	using	the	
Prometheus	fire-growth	algorithm.	In	the	fire	growth	module,	the	number	of	
burning	hours	for	each	day	of	every	fire	is	specified	by	the	user.	The	default	of	6	
hours	was	left	unchanged.	Fires	may	burn	for	more	than	6	hours	per	day,	but	Burn-
P3	is	simulating	noon	weather	conditions	for	each	of	the	specified	burning	hours.	
Since	not	al	burning	hours	match	the	intensity	of	burning	likely	to	be	experienced	
at	noon,	there	is	the	potential	to	overestimate	fire	behaviour	if	the	length	of	the	
burning	day	is	set	to	daylight	hours.	The	hours	of	burning	can	be	modified	after	
calibration	to	further	fine-tune	the	model	if	required,	but	this	was	not	found	to	be	
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necessary	for	this	project	due	to	the	suficient	match	between	modeled	and	historic	
fire	size	distributions	achieved	during	the	calibration	process.	
	 Green-up	and	grass	curing	rules	are	also	specified	by	the	user	within	the	fire	
growth	module.	These	parameters	control	fuel	moisture	based	on	seasonal	
vegetation	states	(Burn-P3	User’s	manual	2016).	True	grass	fuel	types	do	not	exist	
in	the	study	area,	but	O1b	(standing	grass)	was	used	as	a	proxy	for	boggy	wilow	
fuel	types.	To	alow	suficient	spread	in	these	fuel	types	curing	was	set	to	70%	for	
spring	and	55%	for	summer.	Two	green-up	rules	were	used:	in	spring	green-up	is	
of,	and	in	summer	green-up	is	on.	This	alows	the	dual-fuel	types	(D1/D2,	and	
M1/M2)	to	perform	relative	to	seasonal	characteristics;	in	spring	these	fuel	types	
are	leafless,	while	in	summer	these	fuels	display	burning	characteristics	of	leafed	
fuels.	The	date	of	switch	between	spring	and	summer	is	determined	by	the	
separation	of	spring	and	summer	initial	ignition	grids,	May	31/June	1	in	this	case.	
	
4.2.6	Sensitivity	Analysis	of	Fuel	Classifications	
	
To	test	the	influence	of	FBP	System	fuels	on	BP,	a	sensitivity	analysis	was	
performed.	It	was	recognized	at	the	outset	that	two	outcomes	were	possible;	the	
model	is	sensitive	to	fuel	type	classification,	or	it	is	not	sensitive	to	fuel	type	
classification.	The	model	was	run	with	two	additional	scenarios	using	baseline	
weather,	but	with	two	alternative	fuel	type	grids:	1)	Canfuels,	and	2)	National	Fuels.	
It	should	be	noted	that	Canfuels	was	never	ground-validated	and	was	chosen	here	
for	display	purposes	only.	The	national	fuels	grid	however,	was	built	through	a	
nearest	neighbor	interpolation	of	vegetation	(Beaudoin	et	al.	2014)	that	was	
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subsequently	translated	into	FBP	System	fuel	types	by	the	CFS,	and	updated	in	
colaboration	with	fire	management	agencies,	including	Yukon	Wildfire	
Management	Branch.	
	
4.3	Results	
	
A	total	of	eight	Burn-P3	scenarios	were	run	to	assess	how	projected	future	
weather	would	influence	predicted	burn	probability:	1)	Observed,	2)	Baseline,	3)	
2050s	CGCM,	4)	2050s	Hadley,	5)	2050s	IPSL,	6)	2080s	CGCM,	7)	2080s	Hadley,	and	
8)	2080s	IPSL.	A	side-by-side	comparison	is	presented	here	to	visualize	the	range	in	
BP	among	eight	scenarios	(Figure	4.9),	along	with	a	table	depicting	modeled	fire	
sizes	compared	to	historic	fire	sizes	(Table	4.2).	Individual	maps	and	a	more	
detailed	fire	size	analysis	folow	in	the	subsections	below.	
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	Figure 4.9: Burn probability scenarios for the Teslin Tlingit Traditional Territory. The observed 
scenario is actual weather data (1986-2015), and included here for comparison. Baseline is 
simulated current weather (1980-2010), on which future predictions are based. There are six 
future scenarios (3 GCMs x 2 time periods). 
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Table 4.2. Scenario summary statistics comparing modeled fire sizes to historic fire sizes (ha). 
Summary 
Stats FH Size Obs. Base. 
2050s 
CAN 
2050 
HAD 
2050 
IPSL 
2080 
CAN 
2080 
HAD 
2080 
IPSL 
Min 11 10 10 10 10 10 10 10 10 
1st Qu. 82 79 61 57 63 72 66 65 79 
Median 337 326 250 229 264 317 278 273 370 
Mean 4074.64 3024.94 2473.71 2263.79 2699.73 3431 2821.56 2781.8 4144.59 
3rd Qu. 1647 1811 1386 1285 1504 1894 1572 1548 2269 
Max 143,237 162,774 111,370 113,406 132,662 159,703 134,746 127,911 242,082 
	
	
	
4.3.1	Observed	
	
The	observed	weather	period	scenario	(recorded	data	from	1986	–	2015)	
output	BP	indicates	the	largest	fire	hazard	exists	in	the	Fat	Lake	landscape	unit,	with	
a	maximum	BP	of	1.67%	(Figure	4.10).	The	North	Nisutlin	and	South	Nisutlin	
landscape	units	also	display	higher	BP	relative	to	the	rest	of	the	study	area	(Figure	
4.10).	A	good	fit	between	modeled	fire	size	and	historic	fire	size	was	achieved,	but	
the	observed	period	looks	to	overestimate	the	number	of	mid-size	to	3rd	quartile	
fires	relative	to	the	historic	fire	sizes	(Table	4.2,	Figure	4.10).	Since	the	observed	
scenario	did	not	inform	the	calibration	process,	it	is	provided	here	for	comparison	
only,	and	it	is	not	to	be	compared	to	future	scenarios	which	were	built	upon	the	
baseline	scenario.	
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 Figure 4.10: Observed weather period (1986-2015) burn probability estimate, along with boxplot 
(lower left) and density plot (lower right) comparing historic and modeled fire size distributions. 
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4.3.2	Baseline	
	
The	baseline	weather	period	(simulated	data	from	1981	–	2010)	acts	as	a	
control	scenario	and	starting	point	for	projection	of	future	scenarios	via	GCMs.	Like	
the	observed	scenario,	relative	BP	is	greater	in	the	Fat	Lake	landscape	unit,	but	with	
a	smaler	maximum	than	the	observed	scenario	of	1.27%	vs.	1.67%	respectively	
(Figure	4.11	vs.	Figure	4.10).	The	baseline	weather	list	guided	the	calibration	
process,	and	there	is	a	good	fit	between	modeled	and	historic	fire	size	distributions,	
although	there	is	an	underestimation	of	modeled	fire	size	compared	to	the	historic;	
a	greater	number	of	fires	of	smal	size	are	modeled	at	the	expense	of	fires	of	larger	
size	(Figure	4.11).	This	is	not	cause	for	concern,	but	rather	an	indication	that	the	
simulated	baseline	weather	underestimates	fire	activity	slightly	compared	to	the	
historic	period,	which	includes	al	recorded	fires	greater	than	10	ha	in	size	between	
1946-2015.	The	baseline	modeled	fire	size	distribution	was	acceptably	similar	to	
the	historic	fire	size	distribution	to	proceed	with	running	future	scenarios.	
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 Figure 4.11: Baseline weather (simulated 1980 – 2010) burn probability estimate, along with 
boxplot (lower left) and density plot (lower right) comparing historic and modeled fire size. 
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4.3.3	2050s	CGCM	
	
	 The	2050s	CGCM	scenario	shows	lower	BP	relative	to	the	baseline	(Figure	
4.9).	Output	BP,	despite	similar	relative	hotspot	patterns,	is	reduced	to	a	maximum	
1.12%.	Despite	higher	temperatures,	increased	precipitation	under	this	GCM	
lowered	the	FWI	relative	to	baseline	in	the	fire	weather	lists	(Figure	4.7).	Modeled	
fire	size	overestimates	smal	fires	compared	to	the	historic	fire	size	distribution	
(Table	4.2,	and	Figure	4.12).	Of	al	the	scenarios,	the	2050s	CGCM	has	the	most	
conservative	estimate	of	BP.	
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 Figure 4.12: 2050s CGCM burn probability estimate, along with boxplot (lower left) and density 
plot (lower right) comparing historic and modeled fire sizes. 
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4.3.4	2050	Hadley	
	
	 The	2050s	Hadley	scenario	(Figure	4.13)	shows	greater	BP	than	the	2050	
CGCM	scenario	(Figure	4.12),	indicating	that	the	2050s	Hadley	scenario	predicts	
climate	change	more	conducive	to	wildfire	activity	than	the	2050s	CGCM	scenario	
for	the	study	area.	Summary	statistics	show	the	2050s	Hadley	scenario	results	in	
larger	simulated	fires	than	the	2050s	CGCM	scenario	for	al	summary	statistics	
(Table	4.2).	Fire	sizes	in	the	2050s	Hadley	scenario	are	also	much	closer	to	baseline	
than	2050s	CGCM,	and	in	fact	exceed	baseline	for	al	statistics	(Table	4.2).	Despite	
this,	the	max	BP	of	the	baseline	scenario	exceeds	that	of	2050s	Hadley	(1.27%	
versus	1.22%	respectively;	Figures	4.11	vs.	4.13),	which	is	negligible	given	BP	is	
influenced	by	other	stochastic	variables,	and	this	diference	may	not	be	due	to	the	
weather	list	alone.	The	Fat	Lake	and	North	Nisutlin	landscape	units	display	the	
greatest	relative	BP	in	the	study	area	(Figure	4.13).	Unlike	the	CGCM,	the	Hadley	
scenario	doesn’t	appear	to	predict	much	change	between	the	baseline	period	and	
the	2050s	in	terms	of	weather	parameters	reflected	in	the	generated	weather	lists,	
with	temperature,	precipitation,	and	FWI	value	distributions	being	very	similar	
between	the	2050s	Hadley	and	baseline	(Figure	4.7).	This	explains	the	resemblance	
of	the	final	BP	maps	between	baseline	and	2050s	Hadley	(Figure	4.9).	
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	Figure 4.13: 2050s Hadley burn probability estimate, along with boxplot (lower left) and density 
plot (lower right) comparing historic and modeled fire size. 
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4.3.5	2050s	IPSL	
	
	 The	2050s	IPSL	scenario	displays	a	maximum	output	BP	of	1.6%	(Figure	
4.14),	greater	than	both	the	the	2050s	CGCM	(1.12%;	Figure	4.12)	and	2050s	Hadley	
scenarios	(1.22%;	Figure	4.13).	Of	al	the	scenarios,	only	the	2080	IPSL	scenario	has	
higher	BP	(Figure	4.9).	Maximum	burn	probability	appears	in	the	Fat	Lake	
landscape	unit,	with	North	Nisutlin	and	South	Nisutlin	landscape	units	also	showing	
relatively	high	BP	(Figure	4.14).	Modeled	fire	sizes	are	larger	than	the	other	2050s	
scenarios	and	much	larger	than	baseline	for	al	summary	statistics	(Table	4.2),	
resulting	in	greater	observed	BP.	The	2050s	IPSL	GCM	predicts	greater	fire-
conducive	weather	than	the	other	2050s	GCMs	for	the	study	area	in	terms	of	FWI	
distribution	(Figure	4.7).	Modeled	fire	size	very	closely	matches	the	historic	
distribution	(Figure	4.14).		 	
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	Figure 4.14: 2050s IPSL burn probability estimate, with boxplot (lower left) and density plot (lower 
right) comparing historic and modeled fire size. 
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4.3.6	2080s	CGCM	
	
	 2080s	CGCM	has	higher	BP	than	2050s	CGCM	(Figure	4.9).	The	2080s	CGCM	
scenario	has	slightly	higher	BP	relative	to	the	baseline	scenario	with	a	maximum	BP	
of	1.4	vs.	1.27	respectively	(Figure	4.15	vs.	4.11).	Once	again,	the	Fat	Lake	landscape	
unit	shows	the	largest	relative	BP,	with	North	Nisutlin	and	South	Nisutlin	landscape	
units	also	possessing	higher	BP	relative	to	the	rest	of	the	study	area	(Figure	4.15).	
Relative	to	2050s	CGCM,	projected	mean	precipitation	is	reduced,	temperature	is	
increased,	and	FWI	values	are	higher	(Figure	4.7).	Although	smaler	wildfires	are	
stil	overestimated	at	the	expense	of	large	fires	compared	to	the	historic	fire	size	
distribution	(Table	4.2,	and	Figure	4.15),	the	diference	is	less	pronounced	than	that	
of	the	2050s	CGCM	scenario,	meaning	the	2080s	CGCM	scenario	is	closer	to	the	
expected	historic	fire	size	distribution.	
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 Figure 4.15: 2080s CGCM burn probability estimate, along with boxplot (lower left) and density 
plot (lower right) comparing historic and modeled fire sizes.	
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4.3.7	2080s	Hadley	
	
	 The	2080s	Hadley	scenario	has	greater	BP	than	the	2050s	Hadley	scenario,	
with	maximum	BP	increasing	to	1.37%	compared	to	1.22%	respectively	(Figures	
4.16	vs.	4.13).	The	summary	statistics	show	2080s	Hadley	promotes	larger	fire	sizes	
to	occur	among	modeled	fires,	with	1st	quartile,	mean,	median	and	3rd	quartile	
being	slightly	greater	than	2050s	Hadley	statistics	(Table	4.2).	Interestingly,	the	max	
fire	size	for	the	2080s	Hadley	scenario	is	less	than	that	for	the	2050s	Hadley	
scenario	(127,911	ha	vs.	132,662	ha	respectively;	Table	4.2).	However,	these	sizes	
are	acceptably	close,	and	the	maximum	fire	size	is	not	the	best	statistic	to	use	when	
comparing	scenarios,	as	it	is	limited	by	landscape	features	and	fuel	availability	as	
much	as	the	fire	weather	list	parameters	(M-A.	Parisien,	personal	communication,	
2017).	The	2080s	Hadley	weather	list	has	greater	precipitation,	higher	temperature,	
and	higher	FWI	values	relative	to	2050s	Hadley	(Figure	4.7).	Smal	fires	are	again	
overestimated	relative	to	the	historic	fire	size	distribution	(Figure	4.16).	
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 Figure 4.16: 2080s Hadley burn probability estimate, along with boxplot (lower left) and density 
plot (lower right) comparing historic and modeled fire size.	
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4.3.8	2080s	IPSL	
	
The	2080s	IPSL	scenario	displays	the	highest	BP	among	al	scenarios	(Figure	
4.9),	with	a	maximum	BP	of	1.78%	concentrated	in	the	Fat	Lake	landscape	unit,	but	
North	Nisutlin	and	South	Nisutlin	landscape	units	also	have	high	relative	BP	(Figure	
4.17).	The	2080s	IPSL	scenario	weather	list	has	greater	mean	precipitation	than	any	
other	scenario,	yet	also	possesses	higher	temperature,	and	the	highest	distribution	
of	FWI	values	amongst	al	scenarios	(Figure	4.7).	Summary	statistics	for	fire	size	
exceed	al	other	scenarios,	and	the	historic	fire	distribution	(Table	4.2).	The	
modeled	fire	size	distribution	closely	matches	that	of	the	historic	(Figure	4.17).	
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 Figure 4.17: 2080s IPSL burn probability estimate, along with boxplot (lower left) and density plot 
(lower right) comparing historic and modeled fire size.	
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4.3.9	Sensitivity	Analysis	of	Fuel	Classifications	
	
	 It	was	of	interest	whether	Burn-P3	was	sensitive	to	fuels	in	this	study	area.	
Along	with	providing	multiple	future	climate	scenarios,	the	Burn-P3	model	was	run	
with	two	additional	FBP	System	fuel	scenarios,	in	efect	performing	a	sensitivity	
analysis.	The	two	alternative	FBP	System	fuel	classifications	were:	1)	Canfuels,	and	
2)	National.	Al	other	model	inputs	were	held	constant	to	only	assess	the	efect	of	
fuel	on	output	BP.	
The	results	yielded	a	much	higher	BP	prediction	for	the	Canfuels	scenario,	
with	a	maximum	BP	of	1.77%,	which	is	almost	as	high	as	the	greatest	BP	future	
scenario,	2080s	IPSL	(Figure	4.17).	However,	higher	BP	is	dispersed	throughout	
much	more	of	the	study	area	(Figure	4.18).	The	distribution	of	modeled	fire	size	for	
the	Canfuels	scenario	overestimates	larger	fires	relative	to	historic	(Figure	4.18);	
since	the	calibration	procedure	was	performed	on	the	baseline	scenario,	the	
Canfuels	scenario	is	not	reflective	of	the	historic	fire	regime,	and	is	thus	for	
ilustrative	purposes	only.	In	comparison,	the	national	scenario	has	a	much	lower	BP	
compared	to	both	the	baseline	and	Canfuels	scenarios,	and	underestimates	
modeled	fire	size	compared	to	historic	(Figure	4.18).	
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	Figure 4.18: Sensitivity Analysis: A) Baseline is reproduced here and is identical to baseline burn 
probability depicted in Figure 4.9 and Figure 4.11, B) Canfuels is an older Canada wide dataset, 
C) National is an updated atempt at a Canada wide dataset. 
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4.4	Discussion	
	
The	use	of	Burn-P3	to	model	future	projected	weather	scenarios	increases	
the	understanding	of	wildfire	risk	in	the	TTTT,	and	alows	a	greater	intuition	of	the	
intersecting	components	leading	to	BP,	even	if	the	contributions	of	each	of	these	
influences	is	dificult	to	isolate	quantitatively	(Parisien	et	al.	2011).	This	project	has	
reinforced	some	of	the	understandings	held	by	community	members,	primarily	that	
Teslin	is	prone	to	LIFs,	and	has	served	as	a	catalyst	for	considering	the	range	of	
future	wildfire	hazard.	
	
4.4.1	Importance	of	FBP	System	Fuel	Classification	
	
It	was	found	that	fuels	matter,	and	more	generaly	data	matters.	A	consistent	
trend	indicates	higher	relative	wildfire	risk	in	the	Fat	Lake,	North	Nisutlin,	and	
South	Nisutlin	landscape	units.	These	regions	of	high	BP	were	found	to	coincide	
with	continuous	conifer	stands,	particularly	C2,	which	is	very	conducive	to	fire	
spread.	Stand	age	could	be	a	proxy	for	wildfire	hazard	in	the	boreal	forest,	being	
that	fire	behaviour	is	a	function	of	fuel	available	for	burning;	although	interactions	
between	stand	age	and	landscape	features	are	complex,	stand	age	may	help	identify	
areas	of	greater	fire	hazard	(Erni	et	al.	2017).	The	Fat	Lake,	North	Nisutlin,	and	
South	Nisutlin	landscape	units	have	not	experienced	any	LIFs	in	the	recorded	fire	
history	dating	back	to	1946,	and	were	missed	by	the	1950	and	1958	wildfires.	It	is	
possible	these	regions	of	mature	spruce	stands	have	escaped	fire	due	to	a	‘fire	
shadow’	efect,	whereby	less	flammable	features	create	an	area	of	reduced	BP	on	the	
lee	side	of	a	less	flammable	or	inflammable	feature	from	the	direction	of	dominant	
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wind	(Finney	2005;	Parisien	et	al.	2010).	Teslin	lake	likely	provides	such	an	efect	in	
the	Fat	Lake	region,	while	mountain	ranges	provide	such	an	efect	in	the	Nisutlin	
landscape	units.	The	isolation	of	these	continuous	patches	of	C2	from	past	LIFs	helps	
explain	the	higher	estimated	BP	for	these	regions.	
Due	to	the	edge	efect	created	in	the	composite	FBP	System	fuels	layer,	
output	BP	maps	(Figure	4.9),	show	higher	risk	concentrated	in	areas	constructed	
from	the	updated	vegetation	data,	because	these	regions	contain	more	C2	than	the	
national	fuels	portion	of	the	composite	FBP	dataset.	This	is	more	clearly	visible	in	
the	results	of	the	sensitivity	analysis,	where	a	distinct	boundary	efect	coinciding	
with	the	switch	between	vegetation	derived	and	national	fuel	type	classifications	is	
noticeable	in	the	baseline	scenario,	but	not	in	the	Canfuels	or	National	scenarios.	
Therefore,	clipping	the	output	BP	maps	down	to	the	vegetation	extent	in	initial	
forest	management	planning	around	Teslin	is	recommended	in	order	to	minimize	
distortion	in	BP	values	caused	by	edge	efect	of	two	diferent	FBP	System	fuel	
classification	schemes.	
	
	
4.4.2	Implications	of	Climate	Change	on	BP	
	
In	biomass	rich,	rarely	dry	ecosystems,	like	the	boreal	forest,	it	is	expected	
climate	change	could	impact	fuel	moisture,	by	prolonging	periods	without	
precipitation	and	increasing	summer	temperatures,	which	could	lead	to	larger	fire	
sizes	(Meyn	et	al.	2007).	However,	climate	change	is	spatialy	variable	(Podur	and	
Wotton	2010),	and	trends	in	Teslin	for	the	2050s	(2031-2060)	show	only	smal	
changes	in	predicted	BP,	before	increasing	for	the	2080s	(2061-2090).	It	was	found	
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that	the	three	GCMs	chosen	provide	a	satisfactory	range	of	scenarios,	with	CGCM	
being	conservative,	Hadley	being	intermediate,	and	IPSL	predicting	greater	change,	
a	finding	consistent	with	other	literature	comparing	these	GCMs	(Wang	et	al.	2015;	
de	Groot	et	al.	2013).	
In	the	TTTT,	the	2050s	CGCM	scenario	predicted	reduced	BP	relative	to	
baseline,	likely	due	to	increased	projected	precipitation	overcompensating	for	
increased	temperature,	which	resulted	in	a	reduction	of	FWI	System	values	in	the	
weather	list.	2050s	Hadley	BP	was	found	to	be	very	comparable	to	baseline	BP,	with	
only	a	slight	increase	in	temperature	and	slight	decrease	in	precipitation	
culminating	in	a	FWI	value	distribution	similar	to	that	of	the	baseline	weather	list.	
The	only	2050s	scenario	resulting	in	noticeably	increased	BP	was	that	of	the	IPSL	
GCM,	in	which	increased	precipitation	in	the	fire	weather	list	is	counteracted	by	
increased	temperature	and	decreased	relative	humidity,	which	provide	for	greater	
FWI	values.	The	increased	precipitation	projected	by	the	GCMs	is	consistent	with	
the	findings	of	Price	et	al.	(2013),	which	predicted	increased	precipitation	across	the	
Canadian	boreal,	with	a	10%-20%	increase	in	the	boreal	cordilera	ecozone.	If	the	
intermediate	Hadley	GCM	is	assumed	to	represent	an	average	between	the	three	
GCMs,	fire	hazard	should	be	expected	to	remain	close	to	baseline,	with	limited	
consequences	from	climate	change	on	fire	activity	in	the	short	term	for	the	TTTT.	
This	is	not	to	say	fire	hazard	is	not	present,	quite	the	contrary,	but	rather	that	the	
contribution	of	climate	change	is	not	expected	to	be	discernable	from	the	observed	
period	over	the	2050s	time-period.	Climate	change	is	more	likely	to	have	an	impact	
on	fire	hazard	in	the	2080s	time-period,	where	projected	increasing	temperature	
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ofsets	projected	increasing	precipitation,	and	al	three	2080s	GCM	scenarios	exceed	
baseline	BP.	
These	findings	are	consistent	with	the	interpretation	that	Teslin	is	prone	to	
cyclical	weather	patterns,	in	which	fire-conducive	drying	trends	occur	at	a	multi-
decadal	temporal	scale.	It	is	unclear	whether	this	is	random	variation	which	
culminates	in	LIF	events	on	occasion,	providing	ignition	and	adequate	fuel	are	
available.	It	has	been	cautioned	that	in	boreal	forests	prone	to	large	annual	
variations	in	area	burnt,	observed	changes	may	be	misinterpreted	as	the	result	of	
climate	change	when	what	is	being	observed	is	random	variance	in	the	fire	regime	
(Armstrong	1999).	This	complicates	the	assessment	of	BP	for	the	Teslin	region,	as	it	
is	unknown	how	closely	the	GCMs	utilized	in	this	project	account	for	the	multi-
decadal	climate	patterns	observed	in	the	study	area.	If	the	region	is	influenced	by	
cyclical	climate	trends,	then	it	appears	that	the	baseline	simulated	period	(1981-
2010)	coincided	with	a	cooler	period,	and	superimposing	climate	change	on	a	
warmer/drier	baseline	period	would	perhaps	have	yielded	more	fire-conducive	
weather	for	the	modeled	fires	of	future	scenarios.	
Other	factors	contribute	to	the	uncertainty	of	future	fire	hazard	for	the	TTTT.	
The	efect	of	climate	change	could	be	counteracted	or	exacerbated	by	altered	
vegetation	feedbacks	from	increasing	wildfire	activity,	which	could	favour	the	
propagation	of	less	flammable	deciduous	vegetation	in	response	(Kely	et	al	2013).	
In	addition,	climate	change	is	expected	to	increase	the	number	of	days	conducive	to	
fire	spread	(Wang	et	al.	2015).	The	boreal	forest	is	also	susceptible	to	forest	
pathogen	and	insect	outbreaks	under	a	changing	climate	(Price	et	al.	2013).	Of	
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concern	is	a	possible	expansion	of	Mountain	Pine	Beetle	into	the	TTTT,	an	area	of	
extensive	mature	pine	forests.	Furthermore,	the	anticipated	increased	frequency	of	
El	Nino	Southern	Oscilation	(ENSO)	and	Pacific	Decadal	Oscilation	(PDO)	
influences	wil	likely	increase	fire	activity	(Flannigan	et	al.	2005).	These	additional	
influences	further	complicate	the	assessment	of	BP	for	this	region.	
	
	
4.4.3	Natural	Disturbance	Regime	Considerations	
	
Emulation	of	natural	disturbance	is	limited	by	available	historic	information	
(Stockdale	et	al.	2016).	It	has	been	argued	that	fire	return	intervals	in	the	boreal	
forest	are	poorly	predicted	by	weather	records	of	the	past	several	decades	(Kely	et	
al.	2013).	A	shortage	of	detailed	fire	regime	information	and	weather	data	for	the	
Teslin	region	makes	it	dificult	to	re-construct	a	natural	fire	regime	for	the	area,	and	
past	wildfire	size	distribution	data	for	the	TTTT	(1946-2015)	is	not	necessarily	a	
predictor	of	future	trends.	However,	this	data	was	an	excelent	starting	point	on	
which	to	create	inputs	and	serve	as	a	point	of	comparison	to	modeled	fire	sizes.	If	
the	range	of	wildfire	behaviour	incorporated	into	the	model	does	not	include	
extremes	not	seen	in	the	fire	record,	it	is	possible	the	model	wil	underestimate	fire	
hazard.	This	may	be	especialy	true	of	spring	fire	hazard,	with	fire	season	tending	to	
start	much	earlier	in	the	boreal	forest	than	previously	observed	(Flannigan	et	al.	
2013).	A	natural	fire	regime	may	not	necessarily	even	be	desired	by	the	community	
of	Teslin	because	it	exposes	the	community	to	the	risk	of	experiencing	LIFs.	Rather,	
the	community	may	wish	to	achieve	a	stable	ecological	state,	incorporating	a	
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reduction	in	wildfire	risk	compared	to	what	occurred	historicaly,	particularly	in	the	
wildland	urban	interface	around	the	community	of	Teslin.	
	
4.4.4	Burn-P3	limitations	
	
The	output	maps	are	a	best	estimate	of	burn	probability	under	diferent	GCM	
scenarios,	and	provide	a	range	of	BP	scenarios.	Burn	probability	is	best	interpreted	
in	a	relative	sense;	and	caution	is	advised	in	reading	into	the	visual	colour	scheme	
used	in	the	maps.	Even	in	the	most	severe	scenario,	2080	IPSL,	maximum	BP	was	
only	1.78%,	which	is	a	relatively	low	chance	of	burning.	This	is	consistent	with	the	
observation	that	the	region	is	prone	to	LIFs.	
The	time	commitment	required	to	run	Burn-P3	models	with	suficient	
iterations	is	a	potential	hindrance	to	these	kinds	of	projects.	Granted,	much	of	the	
resource	consuming	portion	of	this	project	was	in	learning	to	use	Burn-P3	and	its	
component	parts,	and	acquiring	the	necessary	techniques	in	both	ArcMap	and	R	to	
build	the	project	inputs.	This	author	would	now	find	it	less	of	a	time	commitment	to	
run	a	similar	project	for	a	new	study	area.	Nonetheless,	many	of	the	earlier	
exploratory	scenarios	in	Burn-P3,	which	in	themselves	informed	improvements	on	
scenarios,	culminating	in	the	final	model	runs,	could	have	been	expedited	if	greater	
computing	power	was	available.	Multiple	days	were	required	to	run	simulations	on	
the	machine	available.	Final	model	runs	of	a	greater	number	of	iterations	to	ensure	
stability	were	performed	on	more	powerful	machines	available	to	CFS	researchers.	
No	detailed	analysis	of	the	fire	intensity	of	modeled	fires	was	carried	out	in	
this	study.	Due	to	computational	limits,	BP	was	modeled	but	not	fire	severity	(e.g.	
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Armitage	2014;	Wang	et	al.	2016;	Stockdale	et	al.	2017).	Intensity	along	with	BP	is	a	
key	component	of	identifying	fire	risk	given	known	ecological,	social,	and	economic	
values	(Miler	and	Ager	2013),	and	having	fire	intensity	data	could	have	aided	in	the	
identification	of	priority	fuel	treatment	areas.	
	
4.5	Conclusion	
	
Humans	often	have	dificulty	conceptualizing	probability,	causing	a	
complacency	toward	infrequent	events	(Taleb	2004).	In	the	context	of	fire	hazard	
for	TTTT,	the	hazard	posed	by	LIFs	may	be	smal	on	a	yearly	timescale,	but	it	does	
exist,	and	overcoming	the	human	predisposition	to	underestimate	infrequent	events	
is	necessary	to	begin	the	process	of	mitigating	fire	risk.	In	Teslin,	this	research	has	
increased	awareness	of	wildfire	hazard,	and	presented	hazard	assessment	scenarios	
in	a	tangible	visual	form.	The	fact	that	land	management	discussions,	both	within	
the	TTC	and	between	TTC/YG	are	now	centered	around	wildfire	risk	is	perhaps	the	
most	successful	outcome	of	this	project.	Combining	Burn-P3	generated	fire	hazard	
maps	with	community	values	in	a	GIS	overlay	exercise	to	create	risk	maps	could	
help	guide	land	management	decisions.	
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Chapter	5	Summary	and	Recommendations	
	
With	the	current	fuel	structure,	it	can	be	confidently	stated	that	prolonged	
warm	and	dry	periods	wil	increase	the	risk	of	large	wildfire	in	the	TTTT.	Elder	
interviews	established	the	common	theme	that	weather	patterns	have	been	cooler	
in	recent	decades,	and	fuel	is	building-up	or	getting	thicker	in	regions	that	were	
previously	more	open,	especialy	regions	that	burnt	in	the	1950s	but	have	now	
regrown	(Timko	et	al.	2015).	That	build-up	of	fuels	does	not	necessarily	reflect	the	
anthropogenic	efects	of	fire	exclusion,	but	rather	the	natural	periodicity	in	a	fire	
regime	prone	to	LIFs;	vegetative	mosaics	established	by	previous	fires	may	now	be	
reduced	into	continuous	flammable	fuels.	
Spatial	visualizations	of	fuel	and	wildfire	hazard	were	key	in	making	
predictive	fire	risk	accessible	and	showing	a	range	of	future	possibilities,	which	is	
essential	to	build	consensus	and	make	management	decisions.	What	Burn-P3	
modeling	indicates	in	the	TTTT	is	that	dense	even-aged	stands	of	boreal	spruce	and	
mature	pine	are	conducive	to	large	wildfire,	which	is	especialy	true	given	the	
continuous	arrangement	of	these	forest	fuel	types	around	Teslin.	Communities	like	
Teslin,	which	are	embedded	in	boreal	forests,	should	consider	tactics	to	break-up	
continuous	forests	using	a	combination	of	prescribed	fire	and	forest	
thinning/harvest.	
	
5.1	The	need	for	a	larger	planning	framework	
	
Discussions	with	TTC	have	revealed	the	need	for	further	development	of	a	
landscape-level	planning	framework	to	guide	forest	resource	use.	The	Teslin	SFMP	
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is	an	excelent	higher	level	plan,	but	perhaps	requires	updating	to	reflect	the	need	
for	climate	change	adaptation,	with	particular	focus	on	wildfire	risk	and	mitigation	
incorporated	into	the	plan	objectives.	Finer	scale	plans	consistent	with	the	SFMP	
could	be	developed	to	inform	forest	resource	use.	Wildfire	risk	mitigation	provides	a	
unifying	theme	to	integrate	land-management	planning	for	the	inclusion	of	multiple	
land-use	values	identified	by	the	community.	Using	GIS	overlay	models	that	
incorporate	fire	hazard	identified	through	Burn-P3	modeling	would	support	
development	of	detailed	and	contextual	risk-assessment	maps.	
Numerous	strategies	and	systems	of	forest	management	exist,	of	which	many	
share	overlap	with	each	other.	Ecosystem-based	management	(EBM)	approaches	
reflect	the	central	principle	of	maintaining	ecological	biodiversity	and	structure,	
combining	scientific	knowledge	with	socio-ecological	values	(Grumbine	1994).	
Integrated	Resource	Management	(IRM)	promotes	discourse	among	resource	
managers,	communities,	and	interest	groups	to	identify	shared	values	in	land	
management	endeavors,	and	coordinate	actions	within	and	between	organizations	
and	scales	of	government	(Yin	and	Pierce	1993).	IRM	emphasizes	stakeholder	and	
interest	group	colaboration,	and	the	need	to	perform	“tradeof	analyses”	to	balance	
ecological,	social,	and	economic	values	(Carlson	and	Stelfox	2009).	Sustainable	
Forest	Management	(SFM)	reflects	multi-value	management	based	on	public	
participation	and	input	(Kozak	et	al.	2008).	IRM	and	SFM	tend	to	be	more	
anthropocentric	than	EBM,	which	attempts	to	mimic	natural	disturbance	regimes;	
but	these	diferences	do	not	exclude	EBM	from	being	IRM	or	SFM,	if	the	socio-
ecologic	value	system	is	such	that	ecological	functioning	is	prioritized.	Bergeron	et	
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al.	(1999)	propose	EBM	can	be	achieved	through	the	approximation	of	natural	
disturbance	regimes	in	mimicking	the	distribution	of	forest	age	classes	that	would	
occur	under	a	theoretical	natural	forest	in	a	particular	environment.	
Traditional	Ecological	Knowledge	(TEK)	was	essential	in	this	project	to	direct	
the	use	of	western	science	in	approximating	natural	disturbance	regimes	in	the	
TTTT.	Berkes	et	al.	(2000)	define	TEK	as	a	“cumulative	body	of	knowledge,	practice,	
and	belief,	evolving	by	adaptive	processes	and	handed	down	through	generations	by	
cultural	transmission.”	Both	IRM	and	EBM	promote	adaptive	management	as	a	core	
theme,	a	necessity	in	the	context	of	climate	change	adaptation.	Moving	forward,	TEK	
may	help	inform	the	use	of	alternative	practices	such	as	prescriptive	fire	(Kimmerer	
2001).	Al	forest	management	paradigms	are	susceptible	to	misinterpretation,	
making	the	definition	in	the	particular	context	of	use	necessary.	Regardless	of	which	
framework	(or	combination)	is	adopted	in	the	TTTT,	the	process	must	continue	to	
alow	the	community	to	guide	management	directions	based	on	forest	values.	
	
5.1.1	Ecosystem	Based	Conservation	Planning	
	
Given	that	most	of	the	TTTT	is	co-managed	between	TTC	and	Yukon	
government,	meaningful	wildfire	risk	mitigation	requires	efective	planning	and	
cooperation.	In	discussing	the	need	for	a	larger	planning	framework	with	the	TTC,	
Silva	Ecosystem	Consultants	was	identified	based	on	the	organization’s	prior	work	
with	First	Nations	governments.	A	proof	of	concept	Ecosystem	Based	Conservation	
Plan	(EBCP)	was	developed	to	help	visualize	what	sustainable	forest	management	
might	look	like	in	Teslin.	This	plan	was	the	first	direct	implementation	of	wildfire	
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risk	data	and	was	tasked	with	distinguishing	between	areas	for	protection	and	for	
management	within	the	identified	high-risk	zones.	EBCP	is	only	one	option	to	
develop	a	larger	planning	framework,	but	it	is	a	land	management	paradigm	that	is	
aptly	suited	to	a	community	like	Teslin	and	the	larger	TTTT,	with	their	goals	
outlined	in	the	SFMP	to	maintain	ecological	integrity.	EBCP	attempts	to	work	within	
ecological	limits,	combining	aspects	of	both	TEK	and	western	science.	The	central	
priority	of	EBCP	is	to	protect	or	restore	ecosystem	integrity,	after	which	strategic	
use	and	development	of	the	landscape	is	considered	while	maintaining	al	the	parts	
and	ecological	processes	(Hammond	2009).	This	creates	a	profound	chalenge	in	a	
landscape	dominated	by	high-risk	fuels,	and	returning	to	a	natural	fire	regime	in	the	
TTTT	is	an	abstract	concept.	The	appropriate	disturbance	regime	is	best	identified	
by	the	TTC,	the	Teslin	Tlingit	people,	and	other	community	members,	supported	by	
institutional	partners.	This	is	a	potentialy	lengthy	process,	and	EBCP	does	not	
necessarily	assume	economic	development	wil	occur	from	the	outset,	but	only	
provides	a	framework	for	distinguishing	areas	of	protection	and	potential	
development	(Hammond	2009).	EBCP	can	thus	promote	discussions	about	
appropriate	economic	development,	aided	by	spatial	identification	of	such	zones,	
which	can	support	consensus	between	TTC	and	Yukon	government.	In	this	sense,	
the	project	provides	an	interesting	case	study	about	how	conflicts	over	management	
objectives	and	perceptions	can	either	obstruct	or	provide	pathways	beyond	conflict,	
depending	upon	the	planning	framework	and	objectives	that	are	adopted.	
The	benefit	of	using	a	EBCP	or	a	similar	framework	for	Teslin	is	that	
continualy	updateable	burn	probability	hazard	outputs	can	be	overlaid	with	a	
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protected	areas	strategy	of	nested	ecological	scales	so	that	high	fire-risk	areas	that	
coincide	with	potential	forest-development	areas	can	be	identified.	By	incorporating	
burn	probability	modeling	results	within	an	EBCP	framework,	it	could	be	possible	
to	combine	forest	harvesting	with	wildfire	reduction,	while	respecting	ecological	
limits.	It	should	not	be	assumed	that	fuel	treatments	even	take	the	form	of	
commercial	logging,	as	it	remains	to	be	determined	if	such	treatments	even	have	the	
capacity	to	decrease	fire	risk.	However,	the	cumulative	impact	of	fuel	reduction	
treatments	should	increase	over	time,	so	the	planning	horizon	needs	to	
accommodate	both	short	and	long-term	objectives.	
	
	
5.2	Potential	for	Modeling	Fuel	Reduction	Treatments	
	
Burn-P3	ofers	the	ability	to	assess	potential	benefits	of	fuel	treatments,	by	
altering	the	FBP	System	fuel	classifications	to	simulate	changes	in	fuels	due	to	
thinning,	harvesting,	or	prescribed	burning,	after	which	Burn-P3	can	be	run	to	
determine	the	efect	on	predicted	burn	probability.	Due	to	time	constraints	and	the	
lack	of	a	unifying	planning	framework,	it	is	beyond	the	scope	of	this	thesis	to	assess	
fuel	treatments.	If	the	community	elects	to	explore	this	option	further,	it	wil	be	
essential	to	ensure	that	quantitative	selection	and	optimization	of	fuel	treatment	
sites	wil	be	guided	by	overall	cultural	and	ecological	values.	This	step	is	dependent	
on	an	overarching	ecosystem	based	planning	framework,	such	as	EBCP,	identifying	
ecological	and	cultural	values	on	the	landscape.	In	the	case	of	Teslin,	any	viable	
wildfire-risk	reduction	strategy	would	likely	entail	a	community-operated	
commercial	management	endeavor.	Wel-placed	fuel-treatments,	could	be	used	to	
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extend	natural	fuel	breaks	provided	by	lakes	and	less	flammable	forest	types	(e.g.	
deciduous	dominated	forests)	to	improve	both	wildfire	protection	and	alow	
targeted	forest	harvest	for	economic	development	within	the	community.	
The	Yukon	Forest	Management	Branch	is	currently	developing	timber	
harvest	license	zones	to	encourage	development	of	a	viable	forest	industry	(Forest	
Management	Branch	2011).	Any	forest	development	in	the	TTTT	should	be	aligned	
with	wildfire	management	objectives,	representing	a	leveraging	of	activities.	The	
process	of	devolution	from	the	federal	government	(Department	of	Aboriginal	
Afairs	and	Northern	Development)	to	the	Yukon	Forest	Management	Branch	is	a	
relatively	recent	jurisdictional	change,	with	the	transfer	of	forest	management	
responsibilities	only	occurring	in	2003.	Yukon	thus	ofers	a	‘clean	slate’	for	the	
adoption	of	forest	practices	closely	suited	to	the	needs	of	Yukoners	and	the	First	
Nations	governments	who	occupy	the	territory.		
In	the	TTTT,	flexible	silviculture	regulations	are	required	to	accommodate	a	
range	of	objectives,	one	of	which	is	not	to	perpetuate	fire	risk	by	planting	conifers	in	
areas	of	high	wildfire	consequence.	Burn-P3	should	not	be	used	as	a	tool	to	justify	
logging	in	the	false	belief	that	logging	alone	is	a	proxy	for	real	wildfires.	It	has	been	
noted	that	harvest	and	reforestation	practices	may	increase	fire	severity	if	old	
forests	are	replaced	with	new	densely	spaced	conifer	plantations	(Bradley	et	al.	
2016;	Kalies	and	Kent	2016).	Although	these	studies	were	for	frequent	return	
interval	fire	regimes,	the	same	warning	is	applicable	to	the	boreal	forests	in	the	
study	area	if	natural	forests	are	replaced	with	denser	plantations,	negating	the	
creation	of	strategic	fuel	breaks.	Such	practices	would	conflict	with	natural	forest	
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regeneration	and	alter	fire	regimes,	potentialy	increasing	the	risk	of	extreme	
wildfire	behaviour,	which	is	exactly	what	the	community	of	Teslin	and	the	TTC	wish	
to	mitigate.	
Since	management	of	wildfire	is	realy	about	management	of	fuels,	utilizing	
deciduous	species	to	create	fire-breaks	on	the	landscape	is	an	option	for	
consideration	(Parisien	et	al.	2007;	Hirsch	et	al.	2001).	Climate	change	may	
naturaly	change	feedbacks	between	fuels	and	fires.	A	modeling	exercise	by	Terrier	
et	al.	(2013)	in	eastern	boreal	forests	predicted	increased	propagation	of	deciduous	
species,	including	aspen,	in	response	to	increasing	fire.	Since	deciduous	forests	have	
been	found	to	act	as	efective	fire	breaks	(Alexander	2010),	it	would	be	advisable	to	
alow	for	this	and	even	potentialy	plan	for	it,	and	where	necessary	exaggerate	the	
efect,	to	benefit	from	these	deciduous	fire-breaks	on	the	landscape.	Burn-P3	can	
help	identify	strategic	locations	for	fuel	reduction,	but	also	inform	how	large	such	
treatments	need	to	be	to	have	a	meaningful	contribution	to	risk	mitigation.	It	is	not	
entirely	clear	whether	deciduous	species	such	as	aspen	and	wilow	would	naturaly	
regenerate	in	the	forest	ecotypes	of	the	TTTT,	or	whether	certain	regions	would	be	
prone	to	succession	by	conifers.	During	elder	interviews	in	the	community	it	was	
found	most	participants	perceived	fire	as	promoting	greater	moose	browse	(Timko	
et	al.	2015),	indicating	that	fires	in	the	TTTT	may	encourage	the	growth	of	less	
flammable	deciduous	vegetation	post-fire.	
Fuel	treatments	are	continuous	commitments,	requiring	strategic	planning	
and	maintenance	to	ensure	intended	outcomes	are	met.	Fuel	treatments,	if	
performed	correctly,	are	an	important	tool	in	mitigating	the	start	and	spread	of	low	
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intensity	wildfires,	but	not	necessarily	the	progression	of	LIFs	in	continuous	conifer	
fuel	types	like	those	present	in	the	study	area.	It	is	unclear	how	efective	smal	fuel-
breaks	would	be	against	LIFs,	such	as	those	that	occurred	in	the	1950’s,	two	of	
which	burned	greater	than	100,000	ha	each.	An	intensely	burning	crown	fire	wil	
likely	not	be	inhibited	by	narrow	fuel-breaks.	This	is	especialy	true	considering	the	
spotting	capacity	of	high	intensity	fires.	Dominant	wind	direction	in	the	TTTT	
during	historic	fire-conducive	spread-days	has	typicaly	been	south,	southwesterly,	
or	westerly	(Figure	4.7).	This	does	give	the	community	of	Teslin,	located	on	the	
eastern	shore	of	Teslin	Lake,	some	protection	from	any	large	fires	that	may	start	in	
the	Fat	Lake	landscape	unit,	a	region	in	which	relatively	high	BP	was	identified	in	
the	TTTT.	Of	interest	however,	is	that	the	1958	fire	did	spot	across	and	continue	
burning	on	the	eastern	side	of	Teslin	Lake,	a	distance	greater	than	2	km.	Since	
spotting,	rather	than	direct	exposure	to	flame	is	often	the	source	of	homes	burning	
in	urban	interface	fires	(KPMG	2017),	strategicaly	placed	controled	burns	are	a	
consideration	for	mitigating	the	risk	of	LIFs	in	identified	high	hazard	regions	such	as	
Fat	Lake,	where	fuel	treatments	alone	are	not	necessarily	efective,	or	due	to	
accessibility	not	economicaly	feasible.	
	
5.3	Recommendations	
	
Given	the	lack	of	a	clear	and	fuly	developed	planning	framework	under	
which	to	implement	wildfire	mitigation,	specific	recommendations	for	the	
implementation	of	project	results	may	be	of	limited	use.	Some	high-level	principles	
for	consideration	by	the	community	may	be	more	meaningful	at	this	point.	
91		
Consistent	with	the	community-directed	theme	of	this	project,	the	folowing	
concepts	are	ofered	for	consideration	in	the	community	planning	process	to	help	
support	climate-change	adaptation	and	increasing	resilience	to	wildfire.		
	
Founding	Principles	
	
1. Folow	the	precautionary	principle	when	undertaking	plans	and	activities.	
Identify	areas	for	protection	first,	before	identifying	areas	of	potential	use.	A	
proof	of	concept	EBCP	developed	for	the	community	demonstrated	the	ability	to	
integrate	a	broad	range	of	risks	and	values.	It	would	be	up	to	the	community	to	
determine	if	an	EBCP,	or	similar	planning	paradigm	should	be	developed	for	the	
entire	TTTT.	
	
Community	Capacity	Building	
	
2. After	a	landscape	plan	has	been	developed,	consider	using	Burn-P3	to	evaluate	
potential	fuel	treatments.	Further	research	is	required	on	whether	optimization	
of	this	process	is	possible,	and	on	the	development	of	appropriate	reforestation	
practices	specificaly	tailored	to	this	region.	Consider	establishing	an	interim	
timber	supply	and	using	harvest	and	controled	burn	trials	with	a	goal	to	provide	
multiple	benefits,	including	strategic	wildfire	mitigation,	ecological/habitat	
renewal,	social	spinofs,	and	appropriately	scaled	economic	development.	This	
could	be	initiated	even	without	a	landscape	plan	for	the	entire	TTTT,	and	could	
take	the	form	of	continued	fuel	treatments	around	the	community	in	the	high-
risk	interface	between	development	and	natural	forest.	These	initial	trials	
should	be	viewed	more	for	knowledge	development	and	capacity	building	rather	
than	only	the	resulting	outcomes,	at	least	initialy.	
	
3. It	would	be	advantageous	if	TTC	could	develop	in-house	wildfire	modeling	
capacity.	With	suficient	computing	power	and	training	on	the	principles	of	
Burn-P3,	TTC	could	conceivably	update	the	model	to	reflect	changes	in	fuels	or	
other	inputs.	As	vegetation	inventory	becomes	available,	more	accurate	fuels	can	
be	derived	for	a	larger	area,	and	should	be	incorporated	into	the	model,	as	this	
wil	likely	have	an	impact	on	predicted	burn	probability.	A	Burn-P3	model	is	
updatable	and	wil	improve	over	time	in	its	predictive	ability,	benefiting	from	
growing	weather	and	fire	records,	and	increased	knowledge	of	fire	behaviour	
and	ecological	succession	in	the	study	area.	
	
Community	Engagement	and	Communication	
	
4. Consider	implementing	a	community	FWI	watch.	Knowing	that	aggressive	fire	
behaviour	is	historicaly	limited	to	a	select	number	of	spread-event	days	per	
year,	and	that	these	fire-conducive	weather	durations	may	increase	in	the	future,	
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it	may	be	helpful	to	publicaly	announce	such	days	in	the	community	to	increase	
vigilance	on	such	days.	Although	government	CFFDRS	buletin	boards	exist	in	
the	community	(indicating	low,	moderate,	high,	or	extreme	fire	hazard),	a	FWI	
watch,	run	by	the	community	itself	and	based	on	a	FWI	³	19	could	serve	an	
educational	value.	It	would	be	especialy	helpful	if	such	a	FWI	watch	was	
summarized	on	a	yearly	basis	and	posted	at	TTC	ofices	and	in	the	community	
newsletter	in	order	to	provide	a	quantitative	measure	of	fire	potential	between	
the	current	year	and	the	historic	record.	
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5.4	Conclusion	
	
This	project	provides	a	case	study	of	a	successful	partnership	between	a	First	
Nations	government	and	institutional	researchers.	The	consultation	and	
colaboration	within	the	community	may	be	the	most	novel	aspect	of	this	research.	
A	technical	tool	complimented	local/traditional	knowledge,	and	the	research	
process	remained	relevant	to	community	needs	rather	than	the	interests	of	
researchers.	A	unique	opportunity	exists	for	the	Teslin	Tlingit	to	perform	wildfire	
management	using	a	bottom-up	community-initiated	approach,	enhancing	wildfire	
resilience	while	respecting	cultural	and	ecological	values.	
It	must	be	emphasized	that	the	Burn-P3	model	is	a	representation	of	reality,	
and	endlessly	refining	inputs	in	a	system	that	can	never	fuly	represent	the	
complexity	of	a	forested	ecosystem	provides	limited	benefit	to	community	planning.	
Even	carefuly	constructed	fuel	representations	based	on	the	best	inventory	data	
and	ample	groundtruthing	are	limited	by	the	constraints	imposed	by	the	underlying	
FBP	System,	elevation	data,	and	weather	data,	as	wel	as	the	historic	fire	record,	
which	informed	the	creation	of	aspatial	inputs.	Using	Burn-P3,	a	range	of	future	
wildfire-risk	scenario	outputs	were	provided,	increasing	community	awareness,	and	
serving	as	a	step	toward	the	future	integration	of	wildfire	mitigation	in	landscape-
level	planning.	Despite	model	limitations,	Burn-P3	shows	important	and	targeted	
benefits	in	aiding	land	management	decisions,	especialy	after	a	more	
comprehensive	land	management	framework	is	in	place.	
It	was	found	that	wel-designed	visualizations	helped	support	discussion	of	
integrated	management,	being	both	a	powerful	tool	for	uncovering	the	uniqueness	
94		
of	the	study	area,	and	alowing	for	the	potential	of	continual	refinement	to	reflect	
changing	conditions.	The	most	tangible	benefit	of	this	project	has	been	the	increased	
awareness	of	wildfire	risk	in	Teslin.	Colaboration	with	local	people	increased	the	
community’s	capacity	for	climate	change	adaptation,	and	the	management	of	their	
forest	resources.	
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Appendix	A:	FBP	fuel	classification	from	forest	inventory	
	
Groundtruthing	of	the	new	Yukon	south-central	vegetation	inventory	
provided	by	Yukon	Forest	Management	Branch	occurred	over	15	sampling	days	
between	July	28th	and	August	14th,	2015.	An	available	forest	inventory	dataset	
covers	much	of	the	Teslin	and	East	Teslin	Landscape	units,	which	were	deemed	to	
be	the	highest	priority	due	to	proximity	to	the	community	of	Teslin	and	
transportation	corridors.	The	Teslin	and	East	Teslin	landscape	units	were	the	only	
two	landscape	units	in	which	sampling	occurred	(Figure	2).	Most	of	the	sampling	
occurred	in	the	area	immediately	surrounding	the	community	of	Teslin,	except	Aug.	
12,	2015,	on	which	a	region	northeast	of	Johnsons	crossing	was	investigated.	A	GPS	
was	used	to	record	tracks	for	al	areas	walked	and	take	key	waypoints	noting	forest	
type	changes.	In	addition,	plentiful	georeferenced	photos	were	taken.		
	
	Figure A.1: Area sampled with GPS tracks shown in purple and labeled by date. 
	
During	fieldwork	sample	plots	were	used	to	document	species,	dbh,	height,	
and	understory	conditions	and	were	taken	in	areas	representative	of	vegetation	
polygons.	Using	these	plot	waypoints	an	accuracy	assessment	was	made	regarding	
the	vegetation	polygons	(Table	1).	Multiple	attributes	are	included	in	the	vegetation	
inventory,	but	the	most	useful	for	our	purposes	of	conversion	to	FBP	fuel	types	is	
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the	stratum	field,	which	attempts	to	summarize	vegetation	data	into	dominant	
species	mixes.	
	
Table A.1. Assessment of polygon vegetation accuracy based on stratum field 
Date 
Number of correctly 
summarized polygons (based 
on stratum field) 
Total number of polygons with 
plots 
July 28, 2015 3 5 
July 29, 2015 2 2 
July 30, 2015 5 6 
July 31, 2015 4 5 
Aug. 1, 2015 5 5 
Aug. 3, 2015 2 2 
Aug. 4, 2015 2 3 
Aug. 5, 2015 9 9 
Aug. 6, 2015 3 3 
Aug. 7, 2015 5 7 
Aug. 10, 2015 2 3 
Aug. 11, 2015 2 2 
Aug. 12, 2015 3 3 
Aug. 13, 2015 3 3 
Aug. 14, 2015 3 3 
Total 53 61 
Percentage correct = 86.9% 
	
	 Confidence	in	the	stratum	classification	alowed	conversion	to	FBP	fuel	types	
using	the	below	classification	scheme.	This	process	was	undertaken	in	ArcMap	and	
once	polygon	data	was	given	an	FBP	fuel	type	it	was	converted	to	raster	form	for	
incorporation	into	Burn-P3.	
	
VRI	to	FBP	Conversion	Process	
	
Starting	with	11648	polygons	
	
• If	cover	type	class	=	water		
o Then	FBP	type	is	water	(code	102)	/**	290	polygons	
	
• If	cover	type	class	=	urban	or	exposed	
o Then	FBP	type	is	Non-fuel	(code	101)	/**	56	polygons	
	
• If	cover	type	class	=	vegetated	non-forested	/**	721	polygons	
o If	wetland	class	=	non-wetland	upland	and	soil	moisture	regime	is	dry,	
moderately	dry,	moderately	fresh,	or	fresh	
§ Then	FBP	type	is	Veg_nf	(code	105)	/**	202	polygons	
§ Otherwise	FBP	type	is	likely	wilow	bog	and	assumed	to	be	O1b	
(code	32)	with	75%	curing	/**	519	polygons	
	
• If	cover	type	class	=	vegetated	forested	/**10581	polygons	
o Separate	polygons	by	stratum	
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§ 1	–	Spruce	=	C2	(code	2)	/**	3046	polygons	
§ 2	–	Pine	=	C3	(code	3)/**	1339	polygons	
§ 3	–	Deciduous	=	D1/D2	(code	13)	/**	318	polygons	
§ 4	–	Spruce	Pine	=	C3	(code	3)	/**	545	polygons	
§ 5	–	Spruce	Deciduous	=	C3	(code	3)	/**	197	polygons	
§ 6	–	Pine	Spruce	=	C3	(code	3)	/**	892	polygons	
§ 7	–	Pine	Deciduous	=	C3	(code	3)	/**	150	polygons	
§ 8	–	Deciduous	Spruce	=	D1/D2	(code	13)/**	142	polygons	
§ 9	–	Deciduous	Pine	=	D1/D2	(code	13)	/**	83	polygons	
§ 10	–	Fir	=	C3	(code	3)	/**	1803	polygons	
§ 11	–	Fir	Mix	=	C3	(code	3)	/**	812	polygons	
§ 12	–	Other	=	C2	(code	2)	/**	1254	polygons	
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Appendix	B:	Ignition	Grid	Creation	for	Teslin	Yukon	
	
Preparation	of	both	dependent	variable	(ignitions/pseudo	ignition	absences)	
and	independent	variable	environmental	predictors	was	completed	in	ArcMap	
before	performing	a	logistic	regression	statistical	analysis	and	final	raster	grid	
creation	in	R.	Reference	to	Wang	and	Parisien	(2013)	is	frequent	and	is	an	internal	
instructional	document	that	was	provided	by	Marc	Parisien.	
	
	
1.0	Dependent	Variable	Raw	Data	Initial	Preparation	(Ignition	Point	Data)	
	
The	first	step	was	to	download	historic	wildfire	point	data	from	the	Canadian	
wildfire	database.	These	points	were	clipped	to	the	study	area	(Teslin	Tlingit	
Traditional	Territory	with	50	km	bufer)	with	an	additional	10km	bufer	that	would	
later	be	removed	for	creation	of	final	Burn-P3	inputs.	Based	on	exploratory	analysis	
fires	greater	than	3	ha	were	used	as	a	cutof	for	ignitions.	May	31/June	1	was	chosen	
to	be	the	spring/summer	split	based	on	estimation	of	average	deciduous	leaf-out	in	
the	study	area.	Being	that	very	few	ignitions	occurred	in	the	spring	time	period	
(before	June	1st)	for	both	human	and	lightning	fires,	the	ignition	grids	are	broken	by	
cause	only	and	not	season,	because	based	on	the	3-ha	cut-of,	early	(spring)	fires	do	
not	contribute	a	large	amount	to	area	burnt.	Therefore,	there	wil	be	two	ignition	
grids:	human	and	lightning.	Raster	datasets	for	the	environmental	predictor	
variables	should	be	created	first	before	the	ignition	data	and	pseudo	ignition	
absences	are	converted	from	vector	point	data	to	raster	grids.	
	
	
2.0	Independent	Variables	(Environmental	Data)	
	
The	independent	variables	included:	1)	elevation,	2)	topographic	position	
index	(TPI),	and	3)	radiation.	Additionaly,	for	human	ignitions	the	variables	4)	
distance	to	roads,	and	5)	road	density,	were	used	as	proxies	for	human	influence.	
	
2.1	Elevation	
	
Before	the	elevation	input	could	be	created	the	FBP	fuels	input	was	created.	As	
described	in	Appendix	I,	a	mosaic	dataset	was	created	from	vegetation	derived	fuels	
in	combination	with	a	national	fuels	dataset	at	a	250m	resolution.	We	wanted	the	
option	in	the	future	to	run	a	higher	resolution	model	for	the	area	immediately	
around	Teslin,	which	was	covered	by	the	new	vegetation	inventory,	so	vegetation	
polygon	data	was	converted	to	a	raster	grid	of	FBP	types	at	a	30	m	resolution.	This	
FBP	layer	at	30	m	resolution	formed	the	snapping	layer	for	al	raster	components	of	
the	ignition	grid	analysis.	If	a	burn-P3	model	for	Teslin	is	desired	at	a	30	m	
resolution	in	the	future,	it	is	preferable	to	use	the	fuels	as	the	guide	to	which	
everything	gets	snapped	to.	This	is	because	it	makes	more	sense	to	re-project	the	
DEM	to	match	the	extent	and	resolution	of	the	fuels	input	then	to	re-project	the	fuels	
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to	match	the	DEM,	because	for	categorical	data	like	fuels,	nearest	neighbor	
resampling	must	be	used	and	essentialy	just	moves	pixels	spatialy	to	match	the	
dataset	its	being	snapped	to.	A	DEM	sourced	from	geobase	was	resampled	to	30	m	
resolution	and	clipped	to	the	study	area	forming	the	elevation	input.	When	the	final	
ignition	grids	were	re-projected	from	30	m	to	100	m	prior	to	incorporation	into	the	
current	Burn-P3	model,	bilinear	sampling	was	used,	which	is	good	for	continuous	
surfaces	as	it	alows	cel	values	to	be	recalculated.	
	
2.2	Topographic	Position	Index	
	
Topographic	Position	Index	(TPI)	is	defined	as	the	diference	in	elevation	
between	one	cel	and	its	neighborhood;	thus	it	is	a	measure	of	concavity	on	the	
landscape.	Positive	values	indicate	hils	or	ridges,	and	negative	values	indicate	
valeys	or	sinks	(J.	Jenness,	personal	communication,	May	31,	2016).	To	create	the	
TPI	input	we	explored	using	the	“Land	Facet	Corridor	Analysis”	extension	from	
Jenness	Enterprises.	Folowing	the	instructions	in	the	pdf	manual	included	with	the	
extension	we	used	the	“Calculate	TPI	raster”	tool	within	the	extension.	However,	the	
extension	was	found	to	run	slowly	and	two	separate	ArcMap	tools	were	used	to	
speed	up	the	analysis	process,	as	creation	of	TPI	is	straightforward	for	the	creation	
of	a	continuous	raster	(J.	Jenness,	personal	communication,	Jun	1,	2016).	Using	a	
circular	neighborhood,	and	a	radius	of	1500	m	the	focal	statistics	tool	was	run,	
which	calculates	a	raster	of	mean	neighborhood	values.	Then	the	minus	tool	was	
used	to	subtract	the	mean	neighborhood	values	from	the	original	DEM,	resulting	in	
the	TPI	input.	Output	extent	was	30	m	with	snapping	set	to	the	DEM.	
	
2.3	Radiation	
	
Radiation,	being	an	estimate	of	landscape	susceptibility	to	solar	heat,	is	a	
proxy	for	slope	and	aspect.	The	“area	solar	radiation”	tool	was	run	with	the	time	
configuration	set	to	multiple	days	in	a	year,	starting	from	May	1st	(Julian	day	122),	
and	ending	September	30th	(Julian	day	274).	The	“create	outputs	for	each	interval”	
box	remained	unchecked	so	a	single	total	radiation	value	was	calculated.	Output	
extent	was	30	m	with	snapping	set	to	the	DEM.	
	
2.4	Distance	to	Roads	
	
The	“Euclidean	distance”	tool	was	run	with	the	processing	extent	set	to	the	
study	area	and	the	input	used	was	a	national	roads	network	file	that	includes	the	
highways	in	the	study	area	and	the	major	roads	around	Teslin.	Output	extent	was	30	
m	with	snapping	set	to	the	DEM.	
	
2.5	Road	Density	
	
Road	density	input	was	created	using	the	“kernel	density”	tool.	The	input	
vector	road	data	was	the	same	as	that	used	for	distance	to	roads.	A	search	radius	of	
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12,500	m	was	used	and	processing	extent	was	set	to	the	study	area.	Output	extent	
was	30	m	with	snapping	set	to	the	DEM.	
	
	
3.0	Dependent	Variable	Completion	
	
3.1	Rasterize	the	ignition	point	data	from	section	1.0	
	
	 Using	the	“point	to	raster”	tool,	historic	ignition	locations	(greater	than	3	ha)	
by	cause	(human	and	lightning)	were	converted	from	point	data	to	a	raster	dataset	
with	pixel	values	of	“1”	representing	al	fire	presence	locations.	The	cel	size	was	set	
to	30	m	to	match	the	independent	variable	raster	datasets	and	snapping	was	set	to	
the	DEM	(although	any	of	the	5	independent	variable	rasters	could	have	been	
chosen	as	al	inputs	share	the	same	extent	and	resolution)	so	that	pixels	overlay	
each	other	exactly.	
	
3.2	Create	random	pseudo	ignition	absences	
	
	 Locations	for	ignition	absences	were	randomly	generated	so	a	logistic	
regression	analysis	could	be	used	to	determine	if	there	was	a	diference	between	
ignition	locations	versus	pseudo	absences	in	terms	of	the	response	to	
environmental	predictor	variable	values.	The	ratio	of	pseudo	absences	to	real	
ignitions	should	be	between	2:1	and	3:1	(M-A.	Parisien,	personal	communication).	
Using	the	“create	random	points”	tool,	425	random	points	were	created	in	the	fuel	
covered	portions	of	the	study	area.	One	potential	problem	is	that	because	the	
pseudo	absences	were	randomly	generated	there	is	a	slight	chance	that	a	pseudo	
absence	pixel	overlies	a	true	ignition	pixel.	This	possibility	was	checked	for	using	
the	“boolean	and”	tool.	Overlap	of	ignitions	and	pseudo	absences	was	not	present.	
	
3.3	Compile	dataframe	for	use	in	R	
	
	 The	next	task	was	to	compile	pixel	data	for	the	independent	variables	and	
associated	ignitions/ignition	absences	for	each	ignition	grid.	For	this	project,	two	
ignition	grids	were	created:	human	and	lightning.	The	“sample”	tool	was	used	to	
read	the	pixel	values	of	ignition/absence	rasters	and	the	associated	independent	
variable	pixels	for	those	locations,	and	generate	tables	in	text	format	(ArcGIS	2012).	
These	tables	for	ignitions	(both	human	and	lightning	in	separate	tables)	and	
pseudo-absences	were	rearranged	in	excel	using	the	column	format	taken	by	Wang	
and	Parisien	(2013)	and	then	read	into	R	in	.csv	format.	The	5	predictor	variable	
rasters	were	converted	to	ASCI	format	for	incorporation	into	R.	
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4.0	Statistical	Analysis	in	R	
	
4.1	Human	Ignition	Grid	
	
The	folowing	R	code	was	used	to	perform	the	analysis.	
 
# read in the database of human caused ignitions, pseudo ignition 
absences,  
and the associated independent variables. 
 
human <- read.csv("C:/Burn-P3/August_2016/Ignition 
Grids/human_database.csv") 
 
# the first step is to look at correlation between independent 
variables 
cor(human[2:6]) 
               elev          rad          tpi     roaddist     roaddens 
elev      1.0000000  0.267651195  0.316011704  0.239507339 -0.295273396 
rad       0.2676512  1.000000000 -0.009277176  0.179828715 -0.114332166 
tpi       0.3160117 -0.009277176  1.000000000 -0.003361955  0.000366278 
roaddist  0.2395073  0.179828715 -0.003361955  1.000000000 -0.351793600 
roaddens -0.2952734 -0.114332166  0.000366278 -0.351793600  1.000000000 
 
The	resulting	correlation	matrix	yields	correlations	among	variables	that	are	
acceptably	low,	with	nothing	close	to	the	0.7	limit	recommended	by	Wang	and	
Parisien	(2013).	The	next	step	was	to	look	at	the	relationship	between	fire	
presence/absence	and	each	explanatory	variable	visualy	using	a	general	additive	
model	(GAM).	First	the	GAM	library	must	be	instaled	and	referenced,	however	we	
used	the	mgcv	library	rather	than	the	gam	library	(M-A.	Parisien,	personal	
communication).	
 
library(mgcv) 
 
for (j in 2:6){ 
 indvar <- human[,j] # need to make vectors to integrate to GAM 
 store <- gam(ign ~ s(indvar), family=binomial, data=human) 
 plot(store, main=colnames(human)[j]) 
 rm(store); rm(indvar) 
} 
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By	graphing	the	data	linearity	it	can	be	assessed,	which	wil	inform	transformation	
in	the	GLM	process.	Elevation	looks	linear,	while	the	other	predictor	variables	are	
less	than	linear.	The	next	step	was	building	a	GAM	model	with	al	explanatory	
variables.	
 
gam_human <- gam(ign ~ s(elev)+s(rad)+s(tpi)+s(roaddist)+s(roaddens), 
family=binomial, data=human) 
 
summary(gam_human) 
 
Parametric coefficients: 
Approximate significance of smooth terms: 
              edf Ref.df Chi.sq  p-value     
s(elev)     1.000  1.000 21.148 4.25e-06 *** 
s(rad)      1.000  1.000  0.110   0.7399     
s(tpi)      1.000  1.000  0.238   0.6255     
s(roaddist) 1.000  1.000 20.104 7.34e-06 *** 
s(roaddens) 1.359  1.634  7.172   0.0172 *   
 
 
The	GAM	analysis	indicated	elevation,	road	distance,	and	road	density	were	
significant	predictor	variables	for	human	caused	ignitions.	A	general	linear	model	
(GLM)	analysis	was	performed	using	only	the	significant	variables,	with	quadratic	
transformations	on	non-linear	variables.	Although	the	GAM	could	be	used	to	create	
the	ignition	grid,	the	GLM	is	preferred	because	it	simplifies	the	model	a	bit	further,	
avoids	overfitting,	and	is	easier	to	comprehend.	
 
glm_human <- glm(ign ~ 
elev+roaddist+I(roaddist^2)+roaddens+I(roaddens^2), family=binomial, 
data=human) 
 
summary(glm_human) 
 
Coefficients: 
                Estimate Std. Error z value Pr(>|z|)     
(Intercept)    1.978e+00  6.513e-01   3.037  0.00239 **  
elev          -2.855e-03  5.972e-04  -4.780 1.75e-06 *** 
roaddist      -3.152e-05  2.693e-05  -1.171  0.24180     
I(roaddist^2) -9.060e-11  4.126e-10  -0.220  0.82622     
roaddens       5.013e+03  2.394e+03   2.094  0.03623 *   
I(roaddens^2) -2.400e+06  1.959e+06  -1.225  0.22046     
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# Next step is to build the ignition grids, first reference the raster 
library and read in the 5 predictor variables. 
 
library(raster) 
 
elev <- raster("C:/Burn-P3/August_2016/Ignition Grids/elev.asc") 
roaddens <- raster("C:/Burn-P3/August_2016/Ignition Grids/dens_rd.asc") 
roaddist <- raster("C:/Burn-P3/August_2016/Ignition Grids/dist_rd.asc") 
rad <- raster("C:/Burn-P3/August_2016/Ignition Grids/radiation.asc") 
tpi <- raster("C:/Burn-P3/August_2016/Ignition Grids/tpi.asc") 
 
# Stack the rasters 
 
raster.list <- list(elev=elev,rad=rad,tpi=tpi,roaddist=roaddist, 
roaddens=roaddens) 
the.stack <- stack(raster.list) 
 
# Specify output file. 
 
outfile.sp <- "C:/Burn-P3/August_2016/Ignition 
Grids/ign_grid_human.asc" 
ign_grid_human <-predict(the.stack,glm_human,filename=outfile.sp, 
progress="text",format="ascii",overwrite=T) 
   
# Next Scale the grids from 0 to 1 for easier display, and create final 
raster output. 
 
scaled_ign_grid_human <- (ign_grid_human + 
abs(cellStats(ign_grid_human,stat='min'))) / (cellStats(ign_grid_human, 
stat='max') - cellStats(ign_grid_human, stat='min')) 
 
writeRaster(scaled_ign_grid_light, "C:/Burn-P3/August_2016/Ignition 
Grids/scaled_ign_grid_hum.asc", format="ascii",overwrite=T) 
 
 
4.2	Lightning	Ignition	Grid	
	
The	process	for	the	lightning	ignition	grid	creation	was	much	the	same	as	that	used	
for	the	human	ignition	grid	creation,	for	completeness,	the	R	code	used	is	included	
here.	Road	distance	and	road	density	were	not	expected	to	be	significant	predictors	
for	lightning	but	were	checked	for	nonetheless.	
 
# read in the database of lightning caused ignitions, pseudo ignition 
absences, and the associated independent variables  
 
lightning <- read.csv("C:/Burn-P3/August_2016/Ignition 
Grids/lightning_database.csv") 
 
 
# the first step is to look at correlation between independent 
variables 
cor(lightning[2:6]) 
 
              elev         rad          tpi    roaddist     roaddens 
elev      1.00000000  0.23654268  0.333824165  0.07332232 -0.215771492 
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rad       0.23654268  1.00000000 -0.023013035  0.13624349 -0.087124762 
tpi       0.33382417 -0.02301303  1.000000000 -0.05307161  0.009257057 
roaddist  0.07332232  0.13624349 -0.053071607  1.00000000 -0.331368514 
roaddens -0.21577149 -0.08712476  0.009257057 -0.33136851  1.000000000 
 
Predictor	variables	have	suficiently	low	correlation.	
 
library(mgcv) 
 
 
for (j in 2:6){ 
  indvar <- lightning[,j] # need to make vectors to integrate to GAM 
  store <- gam(ign ~ s(indvar), family=binomial, data=lightning) 
  plot(store, main=colnames(lightning)[j]) 
  rm(store); rm(indvar) 
} 
 
  
  
For	lightning	predictor	variables,	road	distance	and	road	density	are	linear,	while	
other	variables	are	non-linear.	This	is	interesting	given	that	roads	shouldn’t	have	
any	influence	on	lightning,	and	the	observed	linearity	is	reflecting	covariance	of	
other	variables.	
	
gam_lightning <- gam(ign ~ 
s(elev)+s(rad)+s(tpi)+s(roaddist)+s(roaddens), family=binomial, 
data=lightning) 
summary(gam_lightning) 
 
Approximate significance of smooth terms: 
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              edf Ref.df Chi.sq p-value     
s(elev)     6.576  7.722 34.704 2.7e-05 *** 
s(rad)      1.000  1.000  1.940  0.1637     
s(tpi)      1.876  2.447  6.208  0.0698 .   
s(roaddist) 1.000  1.000  1.028  0.3107     
s(roaddens) 1.677  2.046  0.999  0.5848     
 
Elevation	is	a	significant	predictor	of	lightning	ignitions,	and	tpi	is	almost	a	
significant	predictor	of	lightning	ignitions.	At	Marc’s	recommendation	tpi	was	
included	despite	not	meeting	a	0.05	p-value	threshold	(M-A.	Parisien,	personal	
communication).	
 
glm_lightning  <- glm(ign  ~  elev+I(elev^2)+tpi+I(tpi^2),  family=binomial, 
data=lightning) 
summary(glm_lightning) 
 
Coefficients: 
              Estimate Std. Error z value Pr(>|z|)    
(Intercept) -3.409e+00  1.740e+00  -1.959   0.0501 .  
elev         7.138e-03  3.269e-03   2.183   0.0290 *  
I(elev^2)   -4.167e-06  1.504e-06  -2.771   0.0056 ** 
tpi          4.307e-03  1.759e-03   2.449   0.0143 *  
I(tpi^2)     2.559e-05  1.232e-05   2.077   0.0378 *  
 
 
library(raster) 
 
elev <- raster("C:/Burn-P3/August_2016/Ignition Grids/elev.asc") 
roaddens <- raster("C:/Burn-P3/August_2016/Ignition Grids/dens_rd.asc") 
roaddist <- raster("C:/Burn-P3/August_2016/Ignition Grids/dist_rd.asc") 
rad <- raster("C:/Burn-P3/August_2016/Ignition Grids/radiation.asc") 
tpi <- raster("C:/Burn-P3/August_2016/Ignition Grids/tpi.asc") 
 
raster.list <- list(elev=elev,rad=rad,tpi=tpi,roaddist=roaddist, 
roaddens=roaddens) 
 
the.stack <- stack(raster.list) 
 
outfile.sp <- "C:/Burn-P3/August_2016/Ignition 
Grids/ign_grid_lightning.asc" 
ign_grid_lightning <-
predict(the.stack,glm_lightning,filename=outfile.sp, 
progress="text",format="ascii",overwrite=T) 
 
scaled_ign_grid_lightning <- (ign_grid_lightning + 
abs(cellStats(ign_grid_lightning,stat='min'))) / 
(cellStats(ign_grid_lightning, stat='max') - 
cellStats(ign_grid_lightning, stat='min')) 
 
writeRaster(scaled_ign_grid_lightning, "C:/Burn-P3/August_2016/Ignition 
Grids/scaled_ign_grid_lightning.asc", format="ascii",overwrite=T) 
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Appendix	C:	Calibration	
	
Calibration	involves	comparing	Burn-P3	modeled	fire	size	distributions	to	
that	of	the	historic	recorded	fire	size	distributions.	Using	R	(R	Core	Team	2016),	
boxplots	and	density	plots	were	created	to	aid	refinement	of	the	spread	event	days	
input.	In	addition,	it	was	necessary	to	determine	the	number	of	iterations	required	
to	achieve	a	stable	BP.	
Calibration	attempt	1	(Figure	C.1)	used	a	spread-event	days	input	based	on	a	
rate	of	spread	(ROS)	threshold	of	5	m/min	or	greater	from	MODIS	data	(resulting	in	
a	spread-event	day	distribution	maximum	of	12	days).	This	was	found	to	poorly	
approximate	the	historic	fire	size	distribution,	with	too	many	smal	fires	modeled	
(left	skewed),	indicating	the	spread-event	days	distribution	needed	to	include	more	
days	to	alow	for	larger	fires.	For	calibration	attempt	2,	a	ROS	threshold	of	3	m/min	
was	adopted,	which	resulted	in	a	spread-event	day	distribution	maximum	17	days,	
and	a	slightly	better,	yet	stil	left	skewed,	modeled	fire	size	distribution.	Though	an	
improvement	over	calibration	attempt	1,	there	are	stil	more	smal	fires	modeled	
than	desired	(Figure	C.2).	For	calibration,	the	baseline	rather	than	observed	weather	
period	was	desired	because	it	shared	the	same	biases	as	the	future	projected	
weather	scenarios	that	were	to	be	modeled	folowing	calibration;	baseline	weather	
was	thus	used	for	calibration	attempts	3	through	11.	
Multiple	fire	size	thresholds	were	explored,	so	although	200	ha	was	used	
initialy	(Figures	C.1,	C.2,	C.3),	100	ha	(Figure	C.4),	50	ha	(Figure	C.5),	10	ha	(Figure	
C.6),	and	3	ha	(Figure	C.7)	were	trialed,	before	ultimately	settling	on	10	ha	as	the	
best	threshold	for	matching	modeled	to	historic	fire	size	distributions	(Figure	C.8).	
Although	the	10-ha	fire	size	limit	yielded	the	best	match,	simulated	fires	wil	never	
perfectly	match	historic	fires,	partly	because	the	historic	fire	database	itself	is	
incomplete;	therefore,	the	results	of	calibration	attempt	8	were	deemed	acceptably	
close	to	the	historic	fire	size	distribution	to	move	forward	with	the	calibration	
process.	
Calibration	attempt	9,	10,	and	11	explored	increasing	iterations	in	Burn-P3	to	
determine	a	stable	BP	value.	Calibration	attempts	1	through	8	only	used	5,000	
iterations,	while	calibration	attempt	9	used	10,000	iterations	(Figure	C.9),	and	
calibration	attempt	10	used	15,000	iterations	(Figure	C.10).	An	assessment	of	
indirect	absolute	diference	and	mean	burn	probability	did	not	appear	stable	after	
either	10,000	or	15,000	iterations.	It	was	found	that	the	20,000	iterations	of	
calibration	attempt	11	converged	on	a	stable	BP	value	(Figure	C.11),	concluding	the	
calibration	process	and	informing	the	final	decision	to	use	30,000	iterations	as	a	
precautionary	measure	in	final	Burn-P3	model	runs.	
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Calibration	Attempt	1	
	
	Figure C.1: Calibration atempt 1, using the observed weather period (1986-2015), a minimum fire 
size of 200 ha, a ROS threshold of 5 m/min, and 5000 iterations. 
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Calibration	Attempt	2	
	
	Figure C.2: Calibration atempt 2, using the observed weather period (1986-2015), a minimum fire 
size of 200 ha, a ROS threshold of 3 m/min, and 5000 iterations.  
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Calibration	Attempt	3	
	
	Figure C.3: Calibration atempt 3, using baseline weather period (simulated; 1981-2010), a 
minimum fire size of 200 ha, a ROS threshold of 3 m/min, and 5000 iterations.  
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Calibration	Attempt	4	
	
	Figure C.4: Calibration atempt 4, using smaler minimum fire size of 100 ha, and maintaining 
baseline weather period (simulated; 1981-2010), a ROS threshold of 3 m/min, and 5000 iterations. 
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Calibration	Attempt	5	
	
	Figure C.5: Calibration atempt 5, using smaler minimum fire size of 50 ha, and maintaining 
baseline weather period (simulated; 1981-2010), a ROS threshold of 3 m/min, and 5000 iterations.  
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Calibration	Attempt	6	
	
 Figure C.6: Calibration atempt 6, using smaler minimum fire size of 10 ha, and maintaining 
baseline weather period (simulated; 1981-2010), a ROS threshold of 3 m/min, and 5000 iterations.   
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Calibration	Attempt	7	
	
	Figure C.7: Calibration atempt 7, using smaler minimum fire size of 3 ha, and maintaining 
baseline weather period (simulated; 1981-2010), a ROS threshold of 3 m/min, and 5000 iterations.  
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Calibration	Attempt	8	
	
	Figure C.8: Calibration atempt 8, using a 10-ha minimum fire size. The spread-event days 
distribution was modified, so although a maximum of 17 days is maintained, the distribution was 
slightly weighted to increase the probability of larger fires, and decrease the probability of smal 
fires. Remaining unchanged are the use of the baseline weather period (simulated; 1981-2010), 
and 5000 iterations.  
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Calibration	Attempt	9	
	
	Figure C.9: Calibration atempt 9, which uses the same inputs as calibration atempt 8, but utilizes 
10,000 iterations rather than 5000 iterations. Includes an assessment of indirect absolute 
diference and mean burn probability. 
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Calibration	Attempt	10	
	
	Figure C.10: Calibration atempt 10, which uses the same inputs as calibration atempt 9, but 
iterations were increased to 15000. 
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Calibration	Attempt	11	
	
	Figure C.11: Calibration atempt 11, which increased iterations to 20000. Indirect absolute 
diference and mean burn probability converge on stability. 
